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ASSAY TITLE: Oetenmination of Organochlorine Pesticides and 
Polychlorinated Biphenyls (PCBs) in Drinking Water 

AREA OF APPLICABILITY: Hazleton Laboratories America, Inc. 
Environmental Analysis 

SCOPE: 

This method covers the detenmination of the priority pollutant and target 
compound list (TCL) organochlorine pesticides and PCBs in drinking water 
sources using gas chromatography with electron capture (6C-EC) detection. The 
compounds detenmined by this method are reported with detection limits lower 
than those generated by the standard pesticide/PCB screen. All positive 
results reported using this method are reported only following second column '-' 
confirmation. The following compounds are calibrated and analyzed for under 
th i s method : 

Aldrin 
alpha-BHC 
beta-BHC 
gamma-BHC (Lindane) 
delta-BHC 
alpha-chlordane 
ganma-chlordane 
Technical chlordane 
4,4•-ooo 
4,4 1 -ODE 

PRINCIPLE: 

4,4•-ooT 
Dieldrin 
Endosulfan I 
Endosul fan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
End ri n ketone 

· Heptach 1 or 
Heptachlor epox1de 

Methoxychlor 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

A 1-L sample is extracted with methylene chloride using a separatory funnel. 
The methylene chloride extract is dried with anhydrous sodium sulfate and 

' exchanged to hexane during the concentration step. The final extract volume 
is taken to 1.0 mL for analysis. The extract is separated by gas 
chromatography and the analytes of interest are measured with an electron 
capture detector. This method provides an alumina column cleanup procedure 
and an elemental sulfur removal procedure to aid in the elimination of 
interferences that may be encountered. 
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SENSITIVITY, PRECISION AND ACCURACY: 

The method detection limits presented in Table 1 represent the sensitivities 
that can be achieved 1n ground water 1n the absence of interferences. 
Precision and accuracy for this method, as generated from an 1n house 
validation study, is presented in Table 2. 

REFERENCES: 

Environmental Protection Agency (EPA) Method 608 (Federal Register, 
49(209):43,321-43,336, October 16, 1984). 

Environmental Protection Agency (EPA) Contract Laboratory Program, Statement 
of Work for •organic Analysis Multi-Media Multi-Concentration, October 1986. 
Revisions: January 1987; February 1987; July 1987; August 1987. Exhibits: 
B, D, E. 

APPROVED BY: -zr?tM/r1. ~ .?4/1' 
Mark McNabb 
Group Leader 
Environmental Analysis 

David C • Hills 
Manager 
Environmental Analysis 

REVIEWED BY: hknA a L ~ (;ie 
Debra Curley Arndt __) 
Manager . 
Quality Assurance Unit 

(10760) 

DATE: 3 -«J·tf 

3- , .. 2'Y DAlE: _____ _ 

DATE: 3i(5 t?. 
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The toxicity or carcinogenicity of chemicals used in this method have not been 
precisely defined; each chemical should be treated as a potential health 
hazard, and exposure to these chemicals should be minimized. Each analyst is 
responsible for maintaining awareness of OSHA regulations regarding safe 
handling of chemicals used in this method. Additional references to 
laboratory safety are available for the information of the analyst. 

The following method analytes have been tentatively classified as known or 
suspected human or mammalian carcinogens: 4,4•-ooT, 4,4•-ooo, the BHCs, and 
the PCSs. Primary standards of these toxic compounds should be prepared in a 
hood. A NIOSH/MESA-approved toxic gas respirator should be worn when the 
analyst handles high concentrations of these toxic compounds. 

INTERFERENCES: 

Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample-processing hardware that lead to discrete 
artifacts and/or elevated baselines in gas chromatograms. All of these 
materials must be routinely demo~strated to be free from interferences under 
the conditions of the analysis by running laboratory reagent blanks. 
Interferences by phthalate esters can pose major problems in pesticide 
analysis when using the EC detector. These compounds generally appear in the 
chromatogram as broad eluting peaks. Common flexible plastics contain varying 
amounts of phthalates. These phthalates are easily extracted or leached from 
such materials during laboratory operations. Cross-contamination of clean 
glassware routinely occurs when plastics are handled. Interferences from 
phthalates can best be minimized by avoiding the use of plastics in the 
laboratory. Exhaustive cleanup of reagents and glassware may be required to ~ 
eliminate background phthalate contamination. 

Matrix interferences may be caused by contaminants that are coextract~d f;um 
the sample. The extent of matrix interferences will vary considerably from 
source to source, depending on the nature and diversity of the site being 
sampled. Cleanup procedures provided in this method may be used to minimize 
or overcome such interferences. 
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The minimum quality assurance quality control (QA/QC) operations necessary to 
satisfy the analytical requirements associated with the determination of the 
pesticide/PCB compounds listed in this method are as follows: · 

o Method Blank Analysis 
o Surrogate Spike Recovery and Retention Time Monitoring 
o Matrix Spike/Matrix Spike Duplicate Analysis 
o Specific QA/QC for Pesticide Analysis 

1. Method Blank Analvsis 

A method blank is a volume of deionized, distilled laboratory water 
carried through the entire analytical scheme (extraction, concentration, 
and analysis). The method blank volume must be approximately equal to the 
sample volumes being processed. 

A method blank is perfonmed with every 20 samples processed and/or 
whenever samples are extracted, whichever is most frequent. It is the 
analyst's responsibility to ensure that method interferences caused by 
contaminants in solvents, reagents, and glassware are minimized. An 
acceptable laboratory method blank should contain less than or equal to 
the reported method detection limit of any single pesticide/PCB target 
compound. 

If a laboratory method blank exceeds the above criteria, the analyst must 
consider the analytical system to be out of control. The source of the 
contamination must be investigated and appropriate corrective measures 
MUST be taken and documented before further sample analysis proceeds. All 
samples processed with a method blank that is out of control MUST be 
reextracted and reanal~zed. 

2. Surrogate Soike Analysis 

All samples, blanks, and matrix spikes are fortified with the surrogate 
compound dibutylchlorendate (DBC) before extraction to monitor the 
preparation and analysis of samples. The spiking.level is 0.1 ~g/L, 

based on an extraction volume of 1 L, which will produce an extract 
concentration (before any optional dilutions) of 0.1 ~g/ml. 

Surrogate spike recovery must be evaluated by determining whether the 
concentration (measured as percent recovery) falls inside the advisory 
recovery limits listed below. 
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Fraction 

Pest. 

' •' 

Advisory Surrogate Spike Recovery Limits 

Surrogate Compound 

Dibutylchlorendate 

Water 

( 24-154)* 

* These limits are for advisory purposes only. They are not used to 
detenmine if a sample should be reanalyzed. 

~~ 3. Matrix Spike/Matrix Spike Duplicate CMS/MSDl Analysis 

. ~. ~.j 

In order to evaluate the matrix effect of the sample on the analytical 
methodology and provide both precision and accuracy information, an MS/MSO 
analysis is performed with each set of 20 samples. Spiking is performed '-' 
using a mixture of the following six individual pesticide compounds: 

0 
0 
0 

Heptachlor 
Aldrin 
Dieldrin 

0 
0 
0 

Lindane 
Endrin 
4,4' -DOT 

Individual component recoveries ~f the matrix spike are calculated using 
Equation 3.1. 

Matrix spike percent recovery • 

Where: SSR • Spike sample results 
SR • Sample result 

SSR - SR X 100 
. SA 

SA • Spike added from spiking mix 

Eq. 3.1 

The analyst ts required to calculate the re·lative percent difference (RPD) 
between the matrix spike and matrix spike duplicate. The RPD for each 
component is calculated using Equation 3.l. 

Eq. 3.2 

Where: o1 • First sample value 
D2 • Second sample value (duplicate) 

i 

'· 
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Fraction 

Pesticide 
Pesticide 
Pesticide 
Pesticide 
Pesticide 
Pesticide 

Matrix Soike Recovery Limits 

Matrix Spike Compound 

Lindane 
Heptachlor 
Aldrin 
Dieldrin 
End-r1n 
4.4'-DDT 

water* 

46-118 
29-119 
30-108 
39-133 
53-114 
38-130 

* These limits are for advisory purposes only. They are not to be 
used to determine if a sample should be reanalyzed. 

Pesticide Retention Time Wind~ 

The external standard quant1tation method must be used to quantitate all 
pesticides/PCBs. Before perfonming any sample analysis, the analyst is 
r~quired to determine the retention time window for each pesticide/PCB 
target compound and the surrogate spike compound, DBC. These retention 
time windows are used to 111ake tentative identification of pesticides/PCBs 
during sample analysis. · 

Before establishing retention time windows, the 6C operating conditions 
(oven temperature and flow rate) must be adjusted such that 4,4'-DDT has a 
retention time of greater than or equal to 12 minutes on packed GC 
columns, except on OV-1 or OV-101 columns. 

Establish retention time windows as follows: 

0 Before initia~:,g analysis on a GC system and each time a new 6C 
column is installed, .ake three injections of all single component 
pesticide mixtures, multi-response pesticides, and PCBs throughout 
the course of a 72-hour period. The concentration of each 
pesticide/PCB should be sufficient to provide a response that is 
approximately half scale. The three injections of each compound are 
made at approximately equal intervals during the 72-hour period, 
(i.e., each compound is injected near the beginning, middle, and end 
of the 72-hour period}. 

o Verify the retention time shift for DBC in each standard. The 
retention time shift between the initial and subsequent standards 
must be less than 2.0% difference for packed columns and less than 
1.5% difference for wide-bore capillary columns. lf this criterion 
is not met, continue injecting replicate standards until the 
criterion is satisfied. 
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Calculate the standard deviation of the three absolute retention 
times for each single component pesticide. For mult1response 
pesticides or PCBs, choose one major peak from the envelope and 
calculate the standard deviation of the three retention times for 
that peak. 

The standard deviations determined are used to determine the 
retention time window for a particular 72-hour sequence. Apply plus 
or minus three times the standard deviations to the retention time of 
each pesttcide/PCB detemined for the f"irst analys1s of the 
pesticide/PCB standard in a given 72-hour analytical sequence. This 
range of retention times defines the retention time window for the 
compound of interest for that 72-hour sequence~ Note that by 
definition, the retention time of a pest1cide/PC8 from the first 
analysis of that compound in the 72-hour sequence is the center of 
the retention time window (do not use the retention time ~asured 
during the initial detenmtnation of the retention ttme windows as the 
center of the retention time window). The experience of the analyst 
should weigh heavily in the interpretation of chromatograms. For 
multiresponse pesticide/PCBs, the analyst should use the retention 
time window, but should rely primarily on pattern recognition. 

-
In those cases where the retention time window for a particular 
pesticide/PCB is less than 0.01 minutes, the analyst may use 
whichever of the following formulas apply. 

For packed columns, the retention time window of the particular 
pesticide/PCB is calculated as ±1S of the initial retention. time 
of the compound in the 72-hour sequence. 

For wide-bore capillary columns [inner diameter (i.d.) greater 
than 0.32 mm], the retention time window of the particular 
pesticide/PCB ts calculated as !9.75S of the initial retention 
time of the compound tn the 72-hour sequence. 

For narrow-bore capillary columns {i.d. less than 0.32 mm), the 
retention time window of the particular pesticide/PCB is 
calculated as !9.lSS of the initial retention time of the 
compound in the 72-hour sequence. 
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I. 5. Primary 6C Column AnalYsis 
I 
I 

i 
1 
' 

Primary analysis deten~ines whether.or not pesticides/PCBs are present in 
the sample, and establishes a tentative identification of each compound. 
Quantitation may be perfonaed on the primary analysis if the analysis 
meets all of the QC criteria specified for quantitation. NOTE: To 
determine that no pesticides/PCBs are present at· or above the required 
quantitation limit !1 a fon. of quantitation. 

Separation should be greater than or equal to 251 resolution between the 
peaks. This criteria must be considered when determining whether to 
quantitate on the primary analysis or the confirmation analysis. When 
this criterion cannot be met, quantitation is adversely affected because 
of the difficulty in detenaining where to establish the baseline. 

Evaluation Standard Mixtures 

o Prepare Evaluation Standard Mixes A, 8, and C (aldrin, endrin, 
4,4'-DDT and OBC) at the three concentration levels described fn the 
method. Analyze the three evaluation standard mixes sequentially at 
the beginning of ea~h 72-hour period (see Figure 1). 

o Calculate the calibration factor (ratio of the total area to the mass 
injected) for each compound in Evaluation Standard Mixes A, 8, and C 
using Equation 5.1. 

0 

Calibration factor • Total area of peak Eq. 5.1 
Mass injected (in nanograms) 

Using the calibration factors from above, calculate the percent 
relative standard deviatior. (IRSD) for each compound at the three 
concentration levels using Equation 5.2. The IRSD for aldrin, 
endrin, 4,4'-DOT and DBC must be less than or equal to 10.01. ·If the 
IRSD exceeds 10.01 for 4,4'-0DT, a three-point DDT series (DDT, ODD, 
ODE) may be run and used to establish a calibration curve for those 
three compounds; otherwise, corrective action must be taken to bring 
the DDT IRSD within lOS. 

o NOTE: The 10.01 RSD linearity criteria pertains only to columns being 
used for pesticide/PCB quantitation. If a column 1s used only for 
surrogate quantitation, the 10.0% RSD is only required for DBC. 

S RSD • ~ X 100 
Eq. 5. 2 

X 
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N 
Where: Standard deviation (SO) • I ~1 - x)2_ 

1•1 N-1 

i • Mean of initial three calibration factors (per compound}. 

Evaluate the chromatogram from the analysis of the Evaluation Standard 
Mix 8. The appearance of peaks in addition to the four main pesticide peaks 
indicates a bre~kdown of endrin and/or 4,4'-DDT • 

. 
Calculate the percent breakdown for endrin and/or 4,4'-DDT on the mixed ph?-~ 
(1.5% OV-16/1.95% OV-210 or equivalent) GC column using Equations 5.3 and~ 
5.4. The percent breakdown for endrin or 4,4'-DDT must not exceed 20.0%. 
Corrective action must be taken before analysis continues if this criterion 
1s not met. 

% breakdown • Total DDT degradation peak area CODE. DDDl X 100 
for 4,4'-DDT Total DDT peak area (DOT, DOE, DOD) Eq. 5. 3 

Total eldrin degradation peak areas 
% breakdown c Cendrin afdehyde. endrin ketone> Eq. 5.4 
for Endrin Total endrin peak area 

(endrin, endr~n aldehyde, endrin ketone) 

Calculate the percent breakdown for endrin and/or 4,4'-DDT on the OV-1 or 
equivalent GC column using Equations 5.3 and 5.4. The percent breakdown for 
Endrin or 4,4'-0DT must not exceed 20.0%. Corrective action must be taken 
before analysis continues if this criterion is not met. 

If there is evidence of a peak at the retention time for endr1n 
aldehyde/4,4'-000 (which coe1ute on the OV-1 or equivalent 6C column), 
calculate a combined percent breakdown for endrin/4,4'-0DT using Equation 
s.s. The combined endrin/4,4'-DOT percent breakdown must not exceed 20.0%, 
or else corrective action must be taken before analysis continues. The term 
•peak height• may be substituted for the term •peak area.• 

Total endr1n/DDT degradation peak area 
Combined S = CDOD. DOE. endrin aldehyde. endrin ketone) 
breakdown Total endrin/ODT peak area 

(endrin, endrin aldehyde, endrin ketone, 
DOT, DOD, ODE) 

Eq. 5. 5 



-, 
··-OFFICIAL COPY-
, DO NOT OUPUCATE 

CONFIDENTIAL 
TR,~DE SECRET 

HAZLETON LABORATORIES 
A~¥1ERICA , INC. 

MP-LDLP-MA 

1·. Hazleton Laboratories 

l. America. tnc. 

PAGE 10 of 39 
DATE: 03/18/88 
REPLACES: Original 
SECTION: 6004 ·. Cua!ity Assurance Ui1it 

DO NOT DUPLICJ\.TE 

-·-

Suggested Maintenance 

Corrective measures may require any one or more of the following remedial 
actions: 

0 Packed columns. For instruments with off-column injection, replace 
the demister trap, and clean and deactivate the glass injection port 
insert, or replace it with a cleaned and deactivated insert. Inspect 
the injection end of the column and remove any foreign material 
(broken glass from the r1m of the column or pieces of septa). 
Replace the glass wool with fresh deactivated glass wool. Also, it 
may be necessary to remove the first few millimeters of packing 
material if any discoloration is noted. Swab out the inside walls of 
the column if any residue is present. If these procedures fail to 
eliminate the degradation problem, it may be necessary to deactivate 
the metal injector body (described below) and/or repack/replace the 
column. 

o Capillary columns. Clean and deactivate the glass injection port 
insert or replace it with a cleaned and deactivated insert. Break 
off the first few inches (up to 1 ft) of the injection-port side of 
the column. Remove the column and backflush with solvent according 
to the manufacturer's instructions. If these procedures fail to 
eliminate the degradation problem, it may be necessary to deactivate 
the metal injector body and/or replace the column. 

0 Metal InJector Body. Turn off the oven and remove the analytical 
column when the oven has cooled. Remove the glass injection port 
insert (instruments with off-column injection or Grob). Allow the 
injection port temperature .to come to room temperature. Inspect the 
injection port and remove any noticeable foreign material. 

Place a beaker beneath the injector port 1ns1de the GC oven. Using a wash 
bottle, serially rinse the entire inside of the injector port with acetone 
and then toluene, catching the rinsings in the beaker. 

Prepare a solution of deactivating agent (Sylon-CT or equivalent) 
following manufacturer's directions. After all metal surfaces inside the 
injector body have been thoroughly coated with the deactivation solution, 
serially rinse the injector body with toluene, methanol, acetone, and 
hexane. Reassemble the injector and replace the 6C column. 
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Prepare individual Standard Mixtures A and 8 containing the 
single-component pesticides. One mixture of all of the single component 
pesticides is acceptable when using a capillary column if resolution of 
all compounds is achieved. Prepare separate solutions of all 
multi-response pesticides and PCBs. (Aroclor 1016 and Aroclor 1260 may be 
combined in a single mixture.) 

Analyze Individual Standard Mixtures A and B and all •ulti-response 
pest1cide/PCBs at the beginning of each 72-hour period (Figure 1) and 
analyze Individual Standard Mixtures A and 8 at the intervals specified in 
the analytical sequence in Figure 1 and whenever sample analysis is ~ 
completed. The calibration factor for each standard quantitated 
{Individual Standard Mix A or 8) {Equation 5.6), must not exceed a 15.01 
difference for a quantitation run, nor exceed a 20.0% difference for a 
confirmation run during the 72-hour period. Calculate the perc~nt 
difference using Equation 5.7. Deviations greater than 15.01 require the 
analyst to repeat the samples analyzed following the quantitation standard 
that exceeded the criterion. 

Calibration factor • Total area of peak* 
Mass injected (in nanograms) Eq. 5.6 

*For multiresponse pesticide/PCBs, use the total area of all peaks 
used for quantitation. The term •peak height• may be substituted 
for the·term •peak area.• 

Percent difference • __!1~----- X 100 
Rl Eq. 5. 7 

Where: R1 • Calibration factor from first analysis 
R2 • Calibration factor from second or subsequent analysis 
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Samples are analyzed according to the sequence described tn Figure 1. 

The retention time shift for DBC must be evaluated after the analysis of each 
sample. The retention time shift must be less than a 2.0% difference for 
packed GC columns between the initial standard analysis and any sample or 
standard analyzed during the 72-hour period. The percent difference for 
wide-bore capillary columns (t.d. greater than 0.32 mm) must be less than 
1.5%. The percent difference for narrow-bore capillary columns (i.d. less 
than 0.32 mm) must be less than 0.3% (Equation 5.8). 

Percent Difference • __!!1 - RTs X 100 
RT1 Eq. 5.8 

Where: RT1 • Absolute retention time of DBC in the initial 
standard (Evaluation Standard Mix A) 

RTs • Absolute retention time of D8C in the sample 
or subsequent ·standard 

Evaluate the GC column throughout the analysis of samples by injecting 
Evaluation Standard Mix Bat the frequency outlined in Figure 1. 

Calculate the percent breakdown for 4,4'-DDT and endrin using Eq. 5.5. 
Take corrective action when the breakdown for 4,4' -DOT or endrin exceeds 
20.0%. 
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72-Hour Sequence for Pest1c1de/PC8 Analysis 

1. Evaluation Standard Mix A 
2. Evaluation Standard Mix B 
3. Evaluation Standard Mix C 
4. Individual Standard Mix A* 
5. Individual Standard Mix 8* 
6. Toxaphene 
7. Technical Chlordane 
8. Aroclors 1016/1260 
9. Aroc1or 1221 

10. Aroclor 1232 
11. Aroclor 1242 
12. Aroclor 1248 
13. Aroclor 1254 
14. S Samples 
15. Evaluation Standard Mix 8 
1 6 • 5 Samp 1 es 
17. Individual Standard Mix A or 8 
18. 5 Samples 
19. Evaluation Standard Mix 8 
20. 5 Samples 
21. Individual Standard Mix A or 8 

(whichever was not run in Step 16) 
22. 5 Samples 
23. Repeat the above sequence starting 

with Step 14 
24. Pest1cide/PC8 analysis sequence must 

end with Individual Standard Mixes A and B 
regardless of number of samples analyzed. 

• These may be one •1xture (provided adequate separation can be shown) 

6. Confirmation Analysis CGC/EC> 

Confirmation analysis confirms the presence of all compounds tentatively 
identified in the primary analysis. Therefore, the only standards 
required are the evaluation standard mixes (to check linearity and 
degradation criteria) and standards of all compounds to be confirmed. The 
linearity criterion on the confirmation column for pesticides is not 
required unless the column is used for quantitation. The 72-hour sequence 
described in Figure 1 is therefore modified to fit each case. 
Quantitation may be perfonmed on the confinmation analysis. If toxaphene 
or DDT is to be quantitated, additional linearity requirements are 
necessary. 
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Separation shoul~ be greater than or equal to 251 resolution between 
peaks. This cri~eria must be considered when determining whether to 
quantitate on tht primary analysis or the confirmation analysis. When 
this criterion cannot be met, quantitation is adversely affected because 
of the difficult~ in determining where to establish the baseline. 

For a fused sflfca capillary confirmation (FSCC), there must be 
greater than or equal to 251 resolution (valley) between the 
following p~sticide pairs: 

0 
0 
0 
0 

Beta-BHC and delta-BHC 
Dieldrin and 4,4'-0DT 
4,4'-DDD and endrfn aldehyde 
Endosulfan sulfate and 4,4'-DDT 

All QC specified previously must be adhered to, i.e., the greater than or 
equal to 12 minutes retention time for 4,4'-DDT, and the specified 
criteria for 4,4'-DDT and endrin degradation, linearity, calibration 
factor for standards, and retention time shift for DBC. The retention 
time requirement for 4,4'-DDT does not have to be met if the confirmation 
column is OV-1 or OV-101. 

-· 
Begin the confirmation analysis 6C sequence with the three concentration 
levels of Evaluation Standard Mixes A, 8, and C. The exception to this 
occurs when toxaphene and/or the DDT series are confirmed and 
quantitated. There are four combinations of pesticides that could occur, 
therefore, the following sequences must be followed depending on the 
situation. 

Toxaphene only. Begin the sequence with Evaluation Mix 8 to check 
degradation, f~llowed by three concentration levels of toxaphene. 
Check linearity by calculating IRSD. If less than or equal to 10.01 
RSD, use the appropriate calibration factor for calculation. If 
greater than 10.0% RSD, plot a standard curve and determine the ng 
for each sample in that set from the curve. 

DDT. ODE. ODD only. Begin the sequence with Evaluation Mix B. Then 
inject three concentration levels of a standard containing ODE, ODD, 
and DDT. Calculate linearity and follow the requirements specified 
earlier under the primary 6C analysis for each compound to be 
quantitated. 

DDT series and toxaphene. Begin the sequence with Evaluation Mix B. 
Then inject three concentration levels of toxaphene and another three 
levels of the DDT series. Calculate linearity and follow the 
requirements specified under the primary 6C analysis for each 
compound to be quantitated. 
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Other pesticides/PCBs plus DDT series and/or toxaphene. Begin the 
sequence with Evaluation Standard Mixes A, 8, and C. Calculate 
linearity on the four compounds in the Evaluation Standards •ixes. 
If DDT and/or one or more of the other compounds are greater than 
lO.OS RSD and/or degradation exceeds the criterion, corrective 
maintenance as outlined earlier should be performed before repeating 
the above chromatography evaluation. If only DDT exceeds the 
linearity criteria and one or more of the DDT series is to be 
quantitated, inject three concentration levels of the DDT series 
(DOT, ODE, ODD) as described in the earlier paragraph (do not repeat 
Evaluation Mix B). If none of the DDT series is to be quantitated . 
and DDT exceeds the lO.OS RSD, simply record the SRSD on the proper 
form. Anytime toxaphene is to be quantitated follow the instructions 
as given in the paragraph describing toxaphene only. 

After the linearity standards are injected, continue the confirmation 
analysis injection sequence with all compounds tentatively identified 
during primary analysis to establish the daily retention time windows for 
the confirmation analysis. Analyze all confirmation standards for a case 
at the beginning, at intervals specified in the following paragraph and at 
the end. Any pesticide outs)de of its established retention time window 
requires immediate investigation and correction before continuing the 
analysis. The analyst must reanalyze all samples between the standard 
that exceeds the criterion and a subsequent standard that meets the 
criterion. 

Begin injection of samples at this point of the confirmation analysis 
sequence. Analyze groups of five samples with a standard pertaining to 
the samples after each group (Evaluation Mix B is required after the first 
five samples, and every 10 samples thereafter, e.g., after 5, 15, 25, 
etc.). The alternating standard's calibration factors must be within 
15.0S of each other if quantitation is performed. Deviations larger than 
lS.OS require the laborator~ to repeat the samples analyzed betwee" the 
standard that exceeds the criterion and a subsequent standard that meets 
the criterion. Th~ lS.OS criterion only pertains to compounds being 
quantitated. 

If more than one standard is required to confirm all compounds tentatively 
identified in the primary analysis, include an alternate standard after 
each 10 samples. · 

Samples must also be repeated if the degradation of either DDT and/or 
Endrin exceed 20.0S on the intermittent Evaluation Standard Mix B. 
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If the samples are split between two or more instruments, all standards 
and blanks pertaining to tho$e samples must be analyzed on each instrument. 

Inject the method blanks (extracted with each set of samples) on every GC 
and 6C column on which the samples are analyzed. 

APPARATUS: 

0 

0 

Separatory funnel - 2,000 •L with Teflon• stopcock. 

Drying column - Chromatographic column approximately 400 mm x 19 mm 
i.d., with coarse frit. (Substitution of a small pad of disposable 
Pyrex• glass wool for the frit will help prevent cross-contamination 
of sample extracts.) 

o Concentrator tube - Kuderna-Danish, 10 ml, graduated (Kontes 
K-570050-Q25 or equivalent). Calibration must be checked at the 
volumes employed in the test. Ground glass stopper is used to 
prevent evaporation of extracts. 

0 Evaporative .flask - Kuderna-Danish. 500 ml (Kontes K-57000010500 or 
equivalent). Attach to concentrator tube with springs. 

o Snyder column - Kuderna-Oanish, three-ba l1 macro (Kontes 
0-503000-0121 or equivalent). 

0 

0 

Snyder column - Kuderna-Danish, two-ball micro (Kontes D-569001-Q219 
or equivalent). 

. 
Chromatographic column for alumina - 8-ml (200 mm X 3 mm i.d.) 
polypropylene column (Kontes 0-5201&0 or equivalent), or &-ml (150 mm 
x 8-mm i.d.) glass column (Kontes K-420155 or equivalent), or 5-ml 
serological pipettes plugged with a small piece of Pyrex glass wool 
or polyethylene porous disk (Kontes K-4201&2). 

o Pyrex glass wool - Pre-rinse glass wool with appropriate solvents to 
ensure its cleanliness. 

o Silicon carbide boiling chips -Approximately 10/40 mesh. Heat to 
4oo•c for 30 minutes or Soxhlet extract with methylene chloride. 
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o Water bath - Heated, with concentric ring cover, capable of 

temperature control (± 2•c). The bath should be used in a hood. 

o Balance- Analytical, capable of accurately weighing ~.0001 g. 

o Nitrogen evaporation device equipped with a water bath that can be 
maintained at 35- to 4o•c. The N-Evap by Organomation Associates, 
Inc., South Berlin, Massachusetts (or equivalent) is suitable. 

0 &as chromatograph - An analytical system complete with gas 
chromatograph and all required accessories including syringes, 
analytical columns, gases, electron capture detector, and strip-chart 
recorder with recording integrator. A data system is required for 
measuring peak areas or peak heights and recording retention times. 

o Quantitation and/or confirmation columns: 

REAGENTS: 

Column 1: 6-ft long, 4~ i.d. glass packed column 
1.51 SP-2250/1.951 SP-2401 on 100/120 Suppelcoport 

Column 2: 6-ft long, 4-mm i.d. glass packed column 
31 SP-2100 on 100/120 Suppelcort 

Column 3: 30-m long, 0.53-mm i.d. fused silica megabore cap 
column OB-5 

Column 4: 30~ long, 0.53~ i.d. fused s111ca megabore cap 
column OB-608 

Reagent water - Reagent water is defined as a water 1n which an interferant is 
not observed at or above the method detection limit of each parameter of 
interest. 

Acetone, hexane, isoctane (2,2,4-trimethylpentane), methylene chloride -
Pesticide quality or equivalent. · 

Sodium sulfate - (ACS) granular, anhydrous. Purify by heating at 4oo•c for 4 
hours in a shallow tray. 

Alumina -Neutral, Super I Woelm or equivalent. (Universal Scientific, 
Incorporated, Atlanta, Georgia or equivalent.) Prepare Activity III by adding 
71 (v/w) reagent water to the Super 1 neutral alumina. Tumble or shake in a 
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wrist-action shaker for a minimum of 2 hours or preferably overnight. There 
should be no lumps present. Store in a tightly sealed glass container. A 
25-cycle Soxhlet extraction of the alumina with methylene chloride is required 
if a solvent blank analyzed by the pesticide technique indicates any 
interferences for the compounds of interest. 

Alumina Equivalency Check. Check recovery of all single component 
pesticides following the procedure as outlined under the procedure. The 
percent recovery for all single component pesticides must be greater than 
or equal to 80J, except for endosulfan sulfate, which must be greater than 
or equal to 60%, and endrin aldehyde, which is not recovered. The data 
must be retained by the laboratory and made available for inspection 
during on-site evaluations. lf the alumina deactivated with 71 (v/w) 
reagent water does not prove adequate to remove the BNA surrogates and 
other interferences, the alumina may be deactivated with as much as 9% 
reagent water, so long as the criteria for tribromophenol and the recovery 
of all single component pesticides can be met. 

Sodium hydroxi~e solution (10N)-(ACS). Dissolve 40 g NaOH in reagent water 
and dilute to 100 mL. 

Tetrabutylammonium (TBA) - Sulfite reagent. Dissolve 3.39 g 
tetrabutylammonium hydrogen sulfate in 100 mL distilled water. To remove 
impurities, extract this solution three times with 20-tll portions of hexane. 
Discard the hexane extracts .• and add 25 g sodium sulfite to the water 
solution. Store the resulting solution, which is saturated with sodium 
sulfite, in an amber bottle with a Teflon-·lined screw cap. This solution can· 
be stored at room temperature· for at least 1 month. 

Pesticide surrogate standard spiking solution. 

The surrogate standard is added to all samples and calibration solutions: 
the compound specified for this purpose ts DBC. 

~repare a surrogate standard spiking solution at a concentration of 
1 pg/1.00 ml in acetone. Store the spiking solutions at 4•c (t2•t) in 
Teflon-sealed containers. The solutions should be checked frequently for 
stability. These solutions must be replaced after 12 months, or sooner, 
1f comparison with quality control check samples indicates a ·problem. 

-..... 
· .............. 
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Sulfuric acid solution (1+1)-(ACS). Slowly add 50 mL H2so4 (sp. gr. 1.84) 
to 50 mL of reagent water. 

Stock standard solutions (1.00 pg/mL) -Stock standard solution can be 
prepared from pure standard materials or purchased as certified solutions. 

Prepare stock standard solutions by accurately weighing about 0.0100 g of 
pure material. Dissolve the material in toluene, dilute to volume in a 
10-mL volumetric flask with isoctane. Larger volumes can be used at the 
convenience of the analyst. If compound purity 1s certified at 961 or 
greater, the weight can be used without correction to calculate the 
concentration of the stock standard. Commercially prepared stock 
standards can be used at any concentration if they are traceable to 
EMSL/LV supplied standards. v 
Transfer the stock standard solutions into a bottle/vial with Teflon-lined 
septa. Store at 4•c (±2°C) and protect from light. Stock standard 
solutions must be replaced after 12 months, or sooner, if comparison with 
check standards ind1cate·a problem. 

Pesticide .. trix standard spiking solution. Prepare a spiking solution of 
acetone or methanol that contains the following pesticides in the 
concentrations specified. 

Pesticide 
Lindane 
Heptachlor 
Aldrin 
Dieldrin 
Endrin 
4,4' DDT 

ug/1.0 mL 
0.2 
0.2 
0.2 
0.5 
0. 5 
0.5 

Matrix spikes ar~ also to serve as duplicates by :i!Jiking two 1-L portions from 
the one sample chosen for spiking. 

Evaluation Standard Mixtures - Prepare working standard mixtures diluted with 
hexane containing aldrin, endrin, 4,4'-DOT, and DBC to evaluate the GC 
column. Prepare three concentration levels as follows: 
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Standard t.D. 
EVAL A 
EVAL 8 
EVAL C 

Working Standard Solutions: 

Aldrin 
Cvg/ml) 
0.005 
0.025 
0.05 

Endrin 
( vg/111l 
0.010 
0.050 
0.100 

4,4' DDT 
Cvq/mll 
0.010 
0.050 
0.100 

DBC 
ug/ml 
0.010 
0.050 
0.100 

Individual Standard Mixtures -These include all single-component 
organochlorine pesticides as well as the surrogate compound oar. Two mixtures 
of the individual component standards are prepared to prevent coe1 ut1on of 
components when using packed columns. Prepare the two individual standard 
mixtures, diluted in hexane, containing the following pesticides in the 
concentrations specified. 

Individual 
Pest1c1de 
ganma-BHC 
Heptachlor 
Aldrin 

Mix A 

Heptachlor epoxide 
Endosulfan 1 
Dieldrin 
p,pl DDT 
Endrin aldehyde 
Endosulfan 11 
Methoxychlor 
D1butylchlorendate 

14g/ml 
0.025 
0.025 
0.025 
0.025 
0.025 .. 
0.05 
0.05 
0.05 
0.05 
0.25 
0.10 

Individual Mix B 
Pest1c1de yg/ml 
alpha-BHC 0.025 
beta-BHC 0.025 
delta-BHC 0.025 
p,p1-ooE o.o5 
Endr1n 0.05 
p,pl-ooo o.o5 
Endosulfan sulfate 0.05 
Endrin ketone 0.05 
alpha-chlordane 0.025 
gamma-chlordane 0.025 
Dibutylchlorendate 0.10 

Mult1component Standards -All multicomponent standards, e.g., P~S aroclors, 
toxaphene, and technical chlordane, must be in separate solutions with the 
exception of aroclors 101&/12&0. Dibutylchlorendate is also to be included in 
each inulticomponent standard mt:cture. Prepare th~ following standards 1n 
hexane at the specified concentrations: 
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Procedure 

Standard J.D. 
Toxaphene 
Technical Chlordane 
PCB 1016/1260 
PCB 1232 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 

»g/ml 
0.40 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

1. Sample Storage and Holding Times 

1.1 Procedures for Sample Storage 

1.1.1 The samples must be protected from light and refrigerated at 
4•c (±2•C) from the time of receipt until extraction and 
analysis. 

1.1.2 After analysis, &Xtracts and unused sample volume must be 
protected from light and refrigerated at 4•c ±2• for the 
periods specified in the contract schedule. 

1.2 Holding Time 

All samples should be extracted within 1 days of collection and 
completely analyzed within 40 days of extraction .• 

2. Sample Extracthm - Separatory Funnel 

2.1 Samples may be extracted using se~aratory funnel techniques. tf 
emulsions prevent acceptable solvent recovery with separatory funnel 
extractions, continuous liquid-liquid extraction may be used. The 
separatory funnel extraction scheme described below assumes a sample 
volume of 1 L. 

2.2 Using a 1-L graduated cylinder. measure out a 1-L sample aliquot and 
place it into a 2-L separatory funnel. Check the pH of the sample 
with wide-range pH paper and adjust to between 5 and 9 pH with 10! 
sodium hydroxide and/or 1:1 sulfuric acid solution. (Note: Recovery 
of DBC will be low if pH is outside this range. Alpha-BHC, 
gamma-BHC, Endosulfan t and 11, and endrin are subject to 
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decomposition under alkaline conditions, and therefore may not be 
detected if the pH 1s above nine). Add 100 ul of surrogate 
standard spiking solution into the separatory funnel and mix well. 
Add 100 pl of pesticide matrix spiking solution to each of two 1-L 
portions from the sample selected for spiking. (If insufficient 
sample 1s available to perform matrix spikes. prepare duplicate 
control spikes, using laboratory reagent water and analyze in lieu of 
the matrix spikes.) 

2.3 Add 60 ml methylene chloride to the separatory funnel and extract the 
sample by shaking the funnel for 2 minutes, with periodic venting to 
release excess pressure. Allow the organic layer to separate from 
the water phase for a minimum of 10 minutes. If the emulsion 
interface between layers is more than one-third of the volume of the 
solvent layer, the analyst must employ mechanical techniques to 
complete the phase separation. The optimum technique depends upon 
the sample, and may include: stirring, filtration of the emulsion 
through glass wool, centrifugation, or other physical means. Drain 
methylene-chloride into a 250~L Erlenmeyer flask. 

2.4 Add a second 60~L volume of methylene chloride to the sample bottle 
and repeat the extraction procedure a second time, combining the 
extracts in the Erlenmeyer flask. Perform a third extraction in the 
same manner. 

2.5 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-ml 
concentrator tube to a 500-ml evaporative flask. Other concentration 
devices or techniques may be used in place of the K-D if equivalency 
is demonstrated for all pesticides listed in this method. 

2.6 Pour the comb~~ed extract through a drying column containing about 
10 em of anhydrous granular sodium sulfate, and collect the extract 
in the K-D concentrator. Rinse the Erlenmeyer flask and column with 
20 to 30 ml of methylene chloride to complete the qu.·~nt1tative 
transfer. 

2.7 Add one or two clean boiling chips to the evaporative flask and 
attach a three-ball Snyder column. Pre-wet the Snyder column by 
adding about 1 ml methylene chloride to the top. Place the K-0 
apparatus on a hot water bath (ao• to go•c) so that the concentrator 
tube is partially immersed 1n the hot water and the entire lower 
rounded surface of the flask is bathed with hot vapor. Adjust the 
vertical position of the apparatus and the water temperature as 
required to complete the concentration in 10 to 15 minutes. At the 
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proper rate of distillation, the balls of the column will actively 
chatter but the chambers will not flood with condensed solvent. When 
the apparent volume of liquid reaches 1 mL, remove the K-0 
apparatus. Allow it to drain and cool for at least 10 minutes. 

2.8 Momentarily remove the Snyder column, add 50 mL of hexane and a new 
boiling chip, and re-attach the Snyder colWin. Pre-wet the column by 
adding about 1 mL of hexane to the top. Concentrate the solvent 
extract as before. The elapsed time of concentration should be 5 to 
l 0 minutes. When the apparent vo 1 ume of 1i quid reaches 1 mL, remove 
the K-D apparatus and allow it to drain and cool at least 10 minutes. 

2.9 Remove the Snyder column, and rinse the flask and its lower joint 
into the concentrator tube with 1 to 2 mL of hexane. 

3. Nitrogen Slowdown 

3.1 Place the concentrator tube in a warm water bath (3S•c) and evaporate 
the solvent volume to 0.5 ml using a gentle stream of clean, dry 
nitrogen (filtered through a column of activated carbon). Caution: 
New plastic tubing must not be used between the carbon trap and the 
sample, as it may introduce interferences. The internal wall of the· 
tube must be rinsed down several times with hexane during the 
operation, and the final volume must be brought to 0.5 mL. During 
evaporation, the tube solvent level must be kept below the water 
level of the bath. The extract must never be allowed to become dry. 

3.2 Dilute the extract to 1 ml with acetone and proceed to Step 5 Alumina 
Column Cleanup. 

4. Sample Extraction - Continuous Liquid-Liquid Extractor 

4.1 When experience with a sample from a given source indicates that a 
serious emulsion problem will result, or if an emulsion is 
encountered 1n Step 2.3 using a separatory funnel, a continuous 
extractor should be used. 

4.2 Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and 
place it into the continuous extractor. Add 100 pl of surrogate 
standard spiking solution into the continuous extractor and mix 
well. Check the pH of the sample with wide-range pH paper and adjust 
the pH to between 5 and 9 with lON sodium hydroxide and/or 1:1 
sulfuric acid solution. 
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4.3 Add 500 ml of methylene chloride to the distilling flask. Add 
sufficient reagent water to ensure proper operation and extract for 
18 hours. Allow to C·Ool, then detach the boiling flask and dry. 
Concentrate the extract as in Steps 2.5 through 3.2. 

5. Alumina Column CleanuP 

5.1 Add 3 g of Activity III neutral alumina to the 10-ml chromatographic 
column. Tap the column to settle the alumina. Do not pre-wet the 
alumina . 

5.2 Tra·nsfer the 1 ml of hexane/acetone extract from Step 3.2 to the top 
of the alumina using a disposable Pasteur pipet. Collect the eluate 
in a clean 10~L concentrator tube. 

5.3 Add 1 ml of hexane to the original extract concentrator tube to rinse 
it. Transfer these rinsings to the alumina column. Elute the column 
with an additional 9 •L of hexane. Do not allow the column to go dry 
during the addition and elution of the sample. 

5.4 Concentrate the cleaned-up extract using the nitrogen blowdown 
technique as described ~n Step 3.0, adjusting the final volume to 
1.0 ml with hexane. The pesticide/PCB fraction is ready for 
analysis. Store the extracts at 4•c (!2°C) in the dark in 
Teflon-sealed containers until analyses are performed. 

6. Optional Sulfur Cleanu~ 

6.1 Transfer the l,.l extract from Step 5.4 to a 50~L clear glass bottle 
or vial with a Teflon-lined screw cap. Rtnse the concentrator tube 
with 1 ml of hexane, adding the rinsings to the 50~L bottle. 

6.2 Add 1 ml of TBA-sulfite reagent ·and 2 ml of 2-propa"ol. cap the 
bottle, and shake it for at least 1 minute. If the sample is 
colorless or if the initial color is unchanged, and if clear crystals 
(precipitated sodium sulfite) are observed, sufficient sodium sulfite 
15 present. If the precipitated sodium sulfite disappears, add more 
crystalline sodium sulfite in approximately 100-mg portions until a 
solid residue remains after repeated shaking. 
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6.3 Add 5 mL of distilled water and shake the sample for at least 
1 minute. Allow the sample to stand 5 to 10 minutes. Transfer the 
hexane layer (top) to a concentrator ampule and go back to Step 5.4. 

7. Calibration 

7.1 The gas chromatographic system must be calibrated using the external 
standard technique for all columns used for quantitation. 

7.2.1 Prepare calibration standards at a minimum of·three 
concentration levels for each parameter of interest by adding 
volumes of one or more stock standards to a volumetric flask 
and diluting to volume with hexane. ·one of the external 
standards should be at a concentration near, but above, the Mol-' 
and the other concentrations found in real samples, or should 
define the working range of the detector. · This should be done 
on each quantitation column and each instrument used for this 
analysis. 

7.2.2 Using injections of 2· to 5 ~L of each calibration standard, 
tabulate peak height or area responses against the mass 
injected. The results can be used to prepare a calibration 
curve for each compound. 

8. 6C-EC Primary Analysis (Quantitation may be performed on primary or 
confirmation analyses.) 

8.1 Adjust oven temperature and carrier gas flow rates so that the 
retention time for 4,4'-DDT is equal to or greater than 12 •inutes. 

8.2 Table 3 provides examples of operating conditions for the gas 
chromatograph. Separation should be greater than or equal to 251 
resolution between ~2a~s. Percent resolution is calculated by 
dividing the height of the valley by the peak height of the smaller 
peak being resolved, multiplied by 100. This criterion must be 
considered when determining whether to quantitate on the primary 
analysis or the confirmation analysis. When this criterion can not 
be met, quantitation is adversely affected because of the difficulty 
in determining where to establish the baseline. 
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8.2.1 Inject 2 to 5 ~L of the sample or standard extract using the 
solvent-flush technique or auto sampler. Smaller (1.0 ~L) 
volumes can be injected only if automatic devices are 
employed. Record the volume injected and the total extract 
volume. 

8.2.2 Inject Individual Standard Mixes A and 8 and all multi-response 
pesticides/PC8s at the beginning of each 72-hour sequence. 
(See Paragraph 8.2.8.6). To establish the retention time 
window within each 72-hour sequence for the pesticide/PC8 ·Of 
interest. use the absolute retention time from the above 
chromatograms as the mid-point, and plus or minus three times 
the standard deviation as described earlier in Part 4 of the 
Quality Assurance Section. Individual Standard Mixes A and B 
are analyzed alternately and intermittently throughout the 
analysis. Any pesticide outside of its established retention 
time window requires immediate investigation and correction 
before continuing the analysis. 

8.2.3 Sample analysis of extracts can begin when linearity and 
degradation QA/QC requirements specified in the Quality 
Assurance Sectiorr are me~. 

8.2.4 NOTE: The lO.OS RSD linearity criterion is only required on 
the column(s) being used f~r pesticide/PCB quantitation. If a 
column is used for surrogate quantitation only, the lO.OS RSD 
is required only for 08C. 

8.2.5 Analyze samples in groups of no more than five samples. After 
the analysis of the first group of up to five samples, analyze 
Evaluation Mix 8. Analyze another group of up to five samples, 
followed by the analysis of Individual Mix A or B. Subsequent 
groups of up to five samples may be analyzed by repeating this 
sequence, alternately analyzing Evaluation Mix B and Individual 
Mix A or B between the groups as shown in Paragraph 8.2.8.6. 
The Pestic1de/PCB analytical sequence must end with Individual 
Mix A and B regardless of the number of samples analyzed. 
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8.2.6 If a multiresponse pest1cide/PCB is detected in either of the 
preceding groups of five samples. the appropriate 
multiresponse pest1cide/PCB may be substituted for Individual 
Mix A or B. All standards listed in Paragraph 8.2.8.6 must be 
included for every sample set and must be analyzed within the 
same 72-hour period as those samples. If the samples are 
split between two or more instruments, the complete set of 
standards must be analyzed on each instrument with the same 
72-hour requirement. All standards must be analyzed before 
the samples to avoid the effects of poor chromatography caused 
by the unsuspected injection of a highly concentrated sample. 

8.2.7 Paragraphs 8.2.8.1 and 8.2.8.5 contain 6C performance 

8.2.8 

criteria. If it is determined during the course of a 72-hour 
sequence that one or more of the criteria have been violated, '-' 
stop the run and take corrective action. After the corrective 
action has been taken, the 72-hour sequence may be restarted 
as follows: If a standard violated the criterion, restart the 
sequence with that standard, determine that the criteria have 
been met, and continue with sample analyses according to 
Paragraph 8.2.8.6. If a sample violated the criterion, 
restart the sequence with the standard that would have 
followed that gr~up of samples (thereby preserving the 
sequence of standards in Paragraph 8.2.8.6}, determine that 
the criteria have been met, and continue with sample analyses 
according to Paragraph 8.2.8.6. 

If it is determined after the completion of a 72-hour sequence 
that one or more of the criteria have been violated, proceed 
as follows: If a standard violated the criterion, all samples 
analyzed after that standard must be reanalyzed as part of a 
new 72-hour sequence. If a subsequent standard in the 
original sequence met all the criteria, then only those 
samples analyzed between the standard that did not meet the 
criterion and the standard that did meet the criterion must be 
reanalyzed as part of a new 72-hour sequence. If only samples 
violated the criteria, then those samples must be reanalyzed 
as part of a new 72-hour sequence. 
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8.2.8.1. Differences 1n the calibration factors for each 
standard in Individual Standard Mixes A and B ~st 
not exceed 20.0% (15.0% for any standard compound 
used for quantitation) during the 72-hour pri.ary 
analysis. Calculate the difference using the initial 
individual standard mix versus all subsequent 
individual standard mixes analyzed during the 72-hour 
sequence. 

8.2.8.2 The retention time shift of DBC in any standard or 
sample must be less than 2.01 difference for packed 
colu~s. less than 1.5% difference for wide-bore 
capillary columns (i.d. greater than 0.32 mm). and 
less than 0.3% difference for narrow-bore capillary 
columns (i.d. less than 0.32 mm). 

8.2.8.3 

8.2.8.4 

8.2.8.5 

Samples must also be repeated 1f the degradation of 
DDT and/or endrin exceeds 20.0% respectively on the 
inten~ittent analysis of Evaluation Standard Mix 8. 

All pesticide standards must fall within the 
established 72-hour retention time windows. 

Highly colored extracts may require a dilution. 
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8.2.8.6 The 72-hour sequence must be as follows. 

72-Hour Sequence for Pesticide/PC8 Analysis: 

1. 
2. 
3. 
4. 
5. 
6 . 
7. 
8. 
9. 

1 o. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

22. 
23. 

24. 

Evaluation Standard Mix A 
Evaluation Standard Mix 8 
Evaluation Standard Mix C 
Individual Standard Mix A 
Individual Standard Mix 8 
Toxaphene 
Technical Chlordane 
Aroclors 1016/1260 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
A roc 1 or 1 254 
Five samples 
Evaluation Standard Mix 8 
F he samp 1 es 
Individual Standard Mix A or 8 
F tvi samp 1 es 
Evaluation Standard Mix 8 
Five samples 
Individual Standard Mix A or 8 (whichever not run 
in Step 16) 
Five samples 
Repeat the above sequence starting with Evaluation 
Standard Mix 8 (S~ep 14 above). 
Pesticide/PCB analysis sequence must end with . 
Individual Standard Mix A and 8 regardless of 
number of samples analyzed. 

8.3 Evaluation of Chromatograms. 

8.3.1 Consider the sample as negative when its peaks,·depending on 
the pesticid,'s response factor, result in concentrations less 
than the required quantitation level. The sample is complete 
at this point. Confirmation 1s not required. 

8.3.2 Tentative identification is made when the unknown's retention 
time matches the retention time of a corresponding standard 
that was chromatographed on the same instrument within a 
72-hour period. 
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8.3.3 Detenmine if any target pesticides/PCBs are present. Pattern 
recognition techn1.ques, based on chromatograms of standards, 
are recommended for the identification of PCB compounds. 

8.3.3.1 If the response for any of these compounds 1s 100J or 
less of full scale, the extract is ready for 
confirmation and quantitation. 

8.3.3.2 If the response for any compound is greater than full 
scale, dilute the extract so that the peak will be 
between 50S and 100S full scale and reanalyze. Also 
use this dilution for confirmation and quantitation. 

8.3.3.3 For dilution greater than 10 fold. Also inject an 
aliquot of a dilution 10-fold more concentrated to 
determine if other compounds of interest are present 
at low~r concentrations. 

8.3.3.4 Computer reproductions of chromatograms manipulated 
to ensure all peaks are on scale over a 100-fold 
range are an accepted substitute. However, this can 
be no greater than a 100-fold range. This is to 
prevent retention time shifts by column or detector 
overload. Linearity must be demonstrated over the 
100-fold range using higher concentrations of the 
evaluation mixture. 

8.3.4 Quantitation -.y be performed on the primary analysis, with 
the exception of toxaphene and possibly the DDT series. If 
DDT exceeds the lO.OS RSD linearity criterion, then 
quant.~utions for any DOE, ODD, and DDT in a sample must be on 
the confirmation analysis. Toxaphene •ust always be 
quantitated on the confirmation analysis. See Quality 
Assurance Section for special QC requirements for 
quant1tations. 

8.3.5 If identification of compounds of interest are prevented ·by 
the presence of interferences, further cleanup may be required. 

8.3.6 When selecting a 6C column for confirmation and/or 
quantitat1on, be sure that none of the compounds to be 
confirmed/quantitated overlap, e.g., do not select the 3S OV-1 
column if DOE and dieldrin are to be confirmed and/or 
quantitated. 
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9. GC/EC Confirmation Analysis 

9.1 Confirmation analysis confirms the presence of all compounds 
tentatively identified 1n the primary analysis. 

Therefore, the only standards that are·required are the evaluation 
standard mixes (to check linearity and degradation criteria) and 
standards of a 11 compounds to be confirmed. The linearity criterion 
on the confirmation column for pesticides is not required unless the 
column is used for quantitat1on. The 72-hour sequence in 
Paragraph 8.2.8.6 is therefore modified to fit each case. 
Quantitation may be performed on the confirmation analysis. If 
toxaphene or DDT is to be quantitated, additional linearity 
requirements are specified in Step 9.5.1. 

9.2 Table 3 provides examples of operating conditions for the gas 
chromatograph. Separation should be greater than or equal to 25S 
resoluton between peaks. Percent resolution is calculated by 
dividing the height of the valley by the peak height of the smaller 
peak being resolved, multiplied by 100. This criterion must be 
considered when determining whether to quantitate on the primary 
analysis or the confirmation analysis.· When this criterion cannot be 
met, quantitation is adversely affected because of the difficulty in 
determining where to establish the baseline. 

9.3 For a fused silica capillary column confirmation, there-must be 
greater than or equal to 25S resolution (valley) between the 
following pesticide pairs: 

o 8eta-8HC and delta-BHC 
o Deildrin and 4,4'-DDT 
o 4,4'-DOO and endrin aldehyde 
o Endosulfan sulfate and 4,4'-00T 

9.4 All QC requirements specified earlier in the Quality Assurance 
Section must be adhered to, i.e., the greater than or equal 
to 12~1nute retention time for 4,4'-00T, the criteria for 4,4'-DDT 
and endrin degradation, linearity, calibration factor for standards, 
and retention time shift for OBC. The retention time criterion for 
4,4'-00T does not have to be met if the confirmation column is OV-1. 

9.5 Inject 2 to 5 ~L (1 to 2 ~L for capillary columns) of the sample 
extract and standards using the solvent-flush technique or auto 
samples. 

,' 
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One-microliter volumes can be injected only if automatic devices are 
employed. Record the volume injected and the total extract volume. 
The detector attenuation must provide peak response equivalent to the 
primary analysis response for each compound to be confinmed. · 

9.5.1 Begin the confirmation analysis 6C sequence with the three 
concentration levels of Evaluation Standard Mixes A, B, and C. 
The exception to this occurs when toxaphene and/or the DOT 
series are to be confirmed and quantitated. There are four 
combinations of pesticides that could occur; therefore, the 
following sequences must be followed depending on the situation. 

9.5.1.1 Toxaphene only- Begin the sequence with Evaluation 
Mix 8 to check degradation, followed by three 
concentration levels of toxaphene. Check linearity 
by calculating SRSD. 

9.5.1.2 If less than or equal to 10.0% RSO, use the 
appropriate equation in Paragraph 8 for calculation. 
1f greater than 10.01 RSD, plot a standard curve and· · 

. determi_ne the ng for each sample in that set from the 
curve . 

. 9.5.1.3 DDT, DOE, ODD only- Begin the sequence with 
Evaluation Mix B. Then inject three concentration 
levels of a standard containing DOE, ODD, and DDT. 
Calculate linearity and follow the requirements 
specified in Paragraph 9.5.1.1 for each compound to 
be quantitated. 

9.5.1.4 DDT series and toxaphene -Begin the sequence with 
Evaluation Mix B. Then inject three concentration 
levels of toxaphene and another three lev~ls of th~ 
DDT series. Calculate linearity and follow the 
requirements specified in Paragraph 9.5.1.1 for each 
compound to be quantitated. 
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9.5.1.5 Other pesticides/Peas plus DDT series and/or toxaphene - Begin the sequence with Evaluation Standard Mixes A, B, and c. Calculate linearity on the four compounds in the Evaluation Standard mixes. If DDT and/or one or more of the other compounds are greater than 10.01 RSO and/or degradation exceeds the criterion, corrective maintenance should be perfonmed before repeating the above chromatography evaluations. If only DDT exceeds the linearity criterion and one or more of the DDT series 1s to be quantitated, follow Paragraph 9.5.1.3 (do nat repeat Evaluation Jllix B). 

9.5.1.6 If none of the DDT series is to be quantitated and '-' DDT exceeds the 10.01 RSO, simply record the IRSO on the proper form. Any time toxaphene is to be quantitated, follow Paragraph 9.5.1.1. 
9.5.2 After the linearity standards are injected, continue the confirmation analysis sequence by injecting standards for all compounds tentatively identified in the primary analysis, to establish the 72-hour retention time windows. Analyze all confirmation standards for a case at the beginning, at intervals specified in Step 9.5.3., and at the end. Any pesticide outside of its established retention time window requires immediate investigation and correction before continuing the analysis. The analyst must reanalyze all samples which follow the standard that exceeds the criterion. 
9.5.3 After injection of the appropriate standards as described in ~ the proceeding paragraph, begin injection of samples. Analyze groups of five samples. Analyze Evaluation Mix 8 after the first group of five samples. After the second group of five samples, analyze a standard pertaining to the samples in the preceeding groups (i.e., standard mfx containing those compounds requiring confirmation). Continue analyzing groups of five samples, alternately preceding samples between groups of five samples. 
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The alternating standard's calibration factors must be within 
15.01 of each other if quantitation is performed. Deviations 
larger than 15.01 require the analyst to repeat the analyses of 
samples which were analyzed after the standard that exceeds the 
criterion. The 15.01 criterion only pertains to compounds 
being quantitated. 

9.5.4 If more than one standard is required to confirm all compounds 
tentatively identified in the primary analysis. alternate the 
standards with Evaluation Standard Mix a. Samples must also be 
repeated if the degradation of either DDT and/or endrin exceeds 
20.01 on the intermittent Evaluation Standard Mix B. 

If the s~mples are split between two or more instruments. all 
standards. and blanks pertaining to those samples must be 
analyzed on each instrument. 

9.5.5 Inject the method blank (extracted with each set of samples) on 
every GC and GC column on which the samples are analyzed. 

9.6 Evaluation of Chromatograms 

9.6.1 A compound tentatively identified in the primary analysis is 
confirmed in the retention time from the confinmation analysis 
falls within the retention time window of a corresponding 
standard that was chromatographed on the same instrument within 
a 72-hour period. 

9.6.2 Quantitation should be performed on the column (primary or 
confirmation) that provides the best separation from 
interfering peaks. Note: To deten~ine that no pesticides/PCBs 
are present at or above the contract required quantitation 
limit is a form of quant1tat1on. 

9.6.2.1 Quantitation of Chlordane. Because weathering and/or 
different formulations of chlordane usually modify 
the pattern exhibited by technical chlordane. this 
method is not appropriate for determining technical 
chlordane. Instead, standards for alpha chlordane 
and gamma chlordane are used for quantitation, and 
each isomer of chlordane is reported separately. 
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9.6.3 Computer reproduction of chromatograms that are attenuated to 
ensure that all peaks are on scale over a 100-fold range are 
acceptable. However, this can be no greater than a 100-fold 
range. This is to prevent retention time shifts by column or 
detector overload. Also, peak response must be greater than 
251 of full scale deflection to allow visual pattern 
recognition of multicomponent compounds, and individual 
compounds must be. visible. 

9.6.4 If identification of compounds of interest are prevented by the 
presence of interferences, further cleanup is required. If 
sulfur is evident, go to Step 6 (Optional Sulfur Cleanup). 

v 
9.6.5 If unknown interferences or poor chromatography are noted only 

in the sample chromatogram, it is recommended that gel 
permeation chromatography cleanup is applied. 

9.6.6 Calculate surrogate standard recovery on all samples, blanks, 
and spikes unless the surrogate was diluted out. Determine if 
recovery is within limits and report. 

-9.6.7 If target pesticide/PCB compounds were identified in the 
unspiked sample from which the matrix spike and matrix spike 
duplicate were prepared, confirmation analysis is required for 
the matrix spike and matrix spike duplicate. If target 
pest1cide/PCB compounds were not identified in the unspiked 
sample, confirmation of the matrix spike and matrix spike 
duplicate is not required. 

10. Calculations 

10.1 Calculate the concentration in the sample using the following 
equation for external standards. Response can be measured by the 
manual peak height technique or by automated peak height or peak area 
measurements from an integrator. 
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10.1.1 Water 

Concentration 

Where: 

(llg/L) • <AxLllsL{!+-1 
(As) (V1) (Vs) 

Ax • Response for the parameter to be measured 
As • Response for the external standard 
Vt • Volume of total extract (11L) (take into account 

any dilutions) 
Is • Amount of standard injected in nanograms (ng) 
Vi • Volume of extract injected (lll) 
Vs • Volume of water extracted (mL) 

10.2 For mult1component mixtures (chlordane, toxaphene, and PCB) match 
retention times of peaks in the standard with peaks in the sample. 
Quantitate every identifiable peak (greater than 50S of the total 
area must be used) unless interference with individual peaks persist 
after cleanup. Add peak height or peak area of each identified peak 
in the chromatogram. Calculate as total response in the sample 
versus total response in the standard. 

10.3 Calculation of surrogate and matrix spike recoveries. 

Percent recovery • ~ x 100S 
Qa 

Where: 

Qd • Quantity determined by analysis 
Qa • Quantity added to sample 
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Compound 
Method 

Detection Limit (ug/L) 

Aldrin 
alpha-BHC 
beta-BHC 
gamma-BCH (lindane) 
delta-BHC 
alpha-chlordane 
gan~~~a-ch 1 ordane 
Technical chlordane 
4,4•-ooo 
4,4•-ooE 
4,4•-ooT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 · 

* Detection limits estimated 

0.005 
0.002 
0.003 
0.005 
0.002 
0.003 
0.009 
0.05* 
0.005 
0.005 
0.010 
0.011 
0.004 
0.012 
0.006 
0.007 
0.012 
0.005 
0.006 . 
0.005 
0.060 
0.10* 
0.04 
0.05* 
0.05* 
0.05* 
0.05* 
0.05* 
0.03 



! 
4 

J 

] 

·OFFICIAL COPY· 

· .......... 

DO NOT DUPLICATE 
Hazleton Laborat:::ri~3 

A.mcrica. Inc. 
Quality .\s:urance Unit 

Comoound 

Aldrin 
alpha-BHC 
beta-BHC 
gamma-BCH (lindane) 
delta-BHC 
a 1 pha-ch 1 ordane 
gamma-ch 1 ordane 
Technical chlordane 
4,4'-000 
4,4'-00E 
4,4'-00T 
01eldr1n 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endr1n aldehyde 
Endr1n ketone 
Heptachlor 
Heptachlor epox1de 
Methoxychlor 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

NO Not determined. 
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Spike Level 
Cvq/Ll 

Average Recovery 
(yg/Ll (J) 

Standard 
Deviation 
(yg/ll 

0.0125 
0.0125 
0.0125 
0.0125 
0.0125 
0.0125 
0.0125 

NO 
0.025 
0.025 
0.025 
0.1)25 
0.0125 
0.025 
0.025 
0.025 
0.025 
0.025 
0.0125 
0.0125 
0.125 

NO 
0.050 

NO 
NO 
NO 
NO 
NO 

0.050 

0.00858 
0.0105 
0.0102 
0.00955 
0.0106 
0.0116 
0.0130 

0.0228 
0.0220 
0.0209 
0.0187 
0.0104 
0.0204 
0.0212 
0.0206 
0.0180 
0.0229 
0.00930 
0.0106 
0.118 

0.0675 

0.0626 

69 
84 
82 
76 
85 
93 

104 

91 
88 
84 
75 
83 
81 
85 
82 
72 
92 
74 
85 
94 

135 

125 

0.00159 
0.000706 
0.000837 
0.00152 
0.000561 
0.000866 
0.00298 

-0.00157 
·0.00168 
0.00350 
0.00809 
0.00129 
0.00382 
0.00181 
0.00245 
0.00370 
0.00143 
0.00188 
0.00164 
0.0189 

o ~01 01 -

0.0229 
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Table 3.0 

Recommended GC Operating Conditions 

Column 1: COLUMN: & ft x 4 m. i.d., 1.51 SP-2250/1.951 
SP-2401 on 100/120 Suplecoport 

TEMP OF: INJ 2oo•c, COL 210•c, DET 300•c 
Ar/CH4: 95/5 FLOW RATE &0 mL/minute 
RECORDER: 1 mV full scale: 0.5 em/minute 

Column 2: COLUMN: & ft x 4 mm i.d., 3S OV-11 
on 80/100 6AS CHROM Q 

TEMP OF: INJ 200•c, COL 210•c, DET 300•c 
Ar/CH4: 95/5 FLOW RATE 60 mL/minute 

RECORDER: 1 ~V full scale; 15 in/hour 
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Column 3: COLUMN: 30m x 0.53 mm i.d., DB &08 FSOT Megabore 
TEMP Of:· INJ 150•c, DET 300•c 

PROGRAM: INITIAL TEMP lSO•c, Hold 0 minutes, 
RATE e•c/m1nute; FINAL TEMP 250•c, HOLD 16 minutes 

CARRIER &AS: Helium at 6 mll•1nute 
MAKE-uP &AS: Nitrogen at 30 mL/minute 
RECORDER: lmY full scale; 10 mm/minute 

Column 4: COLUMN: 30m x 0.53 mm 1.d., DB 5 Megabore 
TEMP OF: INJ lSO•c, DET 300•c 

PROGRAM: INITIAL TEMP 15o•c 
RATE e•t/minute; FINAL TEMP 2so•c, HOLD 1& minutes 

CARRIER &AS: Helium at 6.5 mL/minute 
MAKE-UP 6AS: Nitrogen at 30 mL/minute 
RECORDER: lmY full scale; 10 mm/m1nute 



r, 

"""""' ' ~'!, .. ·~~ 
'-.:,..Y 

-.. ~ 

DRAFT 
MP-LDLS-MA 
PAGE 1 OF 28 
DATE: 
REPLACES: Original 
SECTION: 6004 

ASSAY TITLE: Low level Semivolatile Analysis of Water Samples by 
Gas Chromatography/Mass Spectroscopy 

AREA OF APPLICABILITY: Hazleton laboratories America, Inc. 
Environmental Analysis 

SCOPE: 

This method covers the determination of the priority pollutant and Target 
Compound list (TCL) semivolatile organics in drinking water sources using gas 
chromatography/mass spectrometry (GCMS). The compounds determined by this 
method are rep·orted with detection limits lower than those generated by the 
standard GCMS semivolatile screen. The standard list of compounds calibrated 
and analyzed for are presented in Table 10 as an attachment. 

PRINCIPLE: 

A 1-L sample is serially extracted with methylene chloride at a pH greater 
than 11 and again at a pH less than 2, using a separatory funnel or continuou.s 
extraction technique. The methylene ehloride extracts are dried and 
concentrated separately and stored at 4•c until instrumental analysis. Just 
prior to analysis the two extracts (>pH 11 and <pH 2) are combined and 
reduced to a final volume of 0.5 ml. The extract is separated by gas 
chromatography and the analytes o.f interest are measured by a mass 
spectrometer detector in the electron impact mode. 

SENSITIVITY, PRECISION, ACCURACY: 

The method detection limits presented in Table 10 represent the sensitivities 
that can be achieved in ground water in the absence of interferences. 

Precision and accuracy for this method, as generated from an inhouse 
v~1irl~ti~n stvrly, i~ presented in Table 10. 

REFERENCES: 

1. Environmental Protection Agency (EPA) Method 625 (Federal Register 49 
(209): 43385-43406, October 16, 1984). 

2. Environmental Protection Agency (EPA) Contract laboratory Program. 
Statement of Work for •organic Analysis Multi-Media Multi-Concentration•, 
October 1986. Revisions: January 1987; February 1987; July 1987; 
August 1987. Exhibits: 8, 0, E. 
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The toxicity or carc•nogenicity of chemicals used in this method have not been 
precisely defined; each chemical should be treated as a potential health 
hazard and exposure to these chemicals should be minimized. Each analyst is 
responsible for maintaining awareness of OSHA regulations regarding safe 
handling of chemicals used in this method. Additional references to 
laboratory safety are available for the infonmation of the analyst. 

The following parameters covered by this method have been tentatively 
classified as known or suspected, human or mammalian carcinogens: 
benzo(a)anthracene, benzidine, 3,3•-dichlorobenzidine, benzo(a)pyrene, 
dibenzo{a,h)anthracene, and N-nitrosodimethylamine. Primary standards of 
these toxic compounds should be prepared in a hood. A NIOSH/MESA approved 
toxic gas respirator should be worn when the analyst handles high 
concentrations of these toxic compounds. 

INTERFERENCES: 

Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware, that lead to discrete 
artifacts or elevatert baselines in the total ion current profiles (TICPs). 
All of these materials must be routinely demonstrated to be free from 
interferences under the conditions of the analysis by running laboratory 
reagent blanks. Matrix interferences may be c~used by contaminants that are 
coextracted from the sample. The extent of matrix interferences will vary 
considerably from source to source. 

QUALITY ASSURANCE: 

This section outlines the minimum quality control (QC) operations necessary to 
satisfy the analytical requirements associated with the determination of 
semivolatile organic TCL compounds 1n water. The QC operations are as follows: 

1. Documentation of 6C/MS mass calibration and abundance pattern 
2. Documentation of GC/MS·response factor stability 
3. Internal standard response and retention time monitoring 
4. Method blank analysis 
5. Surrogate spike response monitoring 
6. Matrix spike and matrix spike duplicate analysis 

Tuning and 6C/MS Mass Calibration 

l. It is necessary to establish that a given GC/MS meets the standard mass 
spectral abundance criteria before initiating any on-going data 
collection. This is accomplished through the analysis of Decafluoro­
triphenylphosphine (DFTPP). 



MP-LDLS-MA 
PAGE 4 OF 28 
DATE: 
REPLACES: Original 
SECTION: 6004 

1.1 Decafluorotriphenylphosphine (DFTPP) 

1.1.1 Each GC/MS system used for the analysis of semivolat11e 
compounds must be hardware-tuned to meet the abundance 
criteria listed in Table 1 for a 50-ng injection of DFTPP. 
DFTPP may be analyzed separately or as part of the ca l1bration 
standard. The criteria must be demonstrated daily or for each 
12-hour period, whichever is more frequent, before samples can 
be analyzed. DFTPP must be injected to meet this criterion. 

1.1.2 Whenever corrective action is taken that may change or affect 
the tuning criteria for DFTPP (e.g., ion source cleaning or 
repair, etc.), the tune must be verified irrespective of the 
12-hour tuning requirements. 

Table 1. DFTPP Key Ions and Ion Abundance Criteria 

Mass 

51 
6B 
70 

127 
197 
19B 
199 
275 
365 
441 
442 
443 

Ion Abundance Criteria 

30.0 - 60.0% of mass 198 
Less than 2.01 of mass 69 
less than 2.01 of mass 69 
40.0 - 60.01 of mass 19B 
Less than 1.01 of ~4ss 19B 
Base peak, 1001 relative abundance 
5.0 - 9.0% of mass 19B 
10.0 - 30.0% of mass 19B 
Greater than 1.001 of mass 198 
Present but less than mass 443 
Greater than 40.0% of mass 198 
17.0- 23.01 of mass 442 

Calibration of the GC/MS System 

2. Before the analysis of samples and required blanks, and after tuning 
criteria have been met, the GC/MS system must be initially calibrated at a 
minimum of three concentrations to determine the linearity of response 
utilizing TCL compound standards. Once the system has been calibrated, 
the calibration must be verified each 12-hour time period for each GC/MS 
system. 

2.1 Prepare calibration standards to yield the following specific 
concentrations. 

2.1.1 Semivolatile TCL Compounds 

Initial calibration of semivolatile TCL compounds is required 
at 20, 50, and 100 total nanograms. 
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2.2 Analyze:each calibration standard and tabulate the area of the 
primary'characteristic ion (Tables 2 and 3) against concentration for 
each compound including all required surrogate compounds. The 
relat1v. retention times of each compound in each calibration run 
should igree within 0.06 relative retention time units. late eluting 
compounds usually will have much better agreement. 

Using T+ble 4, calculate the RRF for each compound at each 
concentration level using Equation 1. 

Where: 

Ax = 

A;s = 

A!_ x Ci! 
RRF = 

A; s .ex 
Equation 1 

Area of the characteristic ion for the compound to be 
measured. 

Area of the characteristic ion for the specific internal 
standards from Tables 2 or 3. 

Concentration of the internal standard {ng/pl). 

Concentration of the compound to be measured {ng/pl). 

2.2.1 Using the relative response factors (RRF) from the initial 
calibration, calculate the SRSO for compounds labeled as 
Calibration Check Compounds and shown in Table 4 using 
Equation 2. 

SRSD • SO x 100 
X 

Where: 

RSO = Relative Standard Deviation 

Equation 2 

SO = Standard Deviation of initial response factors {per 
compound) 

Where: SO = 
N 
I ex; - x>2 
1 = 1 N-1 

x = Mean of initial relative response factors (per compound) 
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The SRSD for each individual Calibration Check Compound (see 
Table 5) must be less than or equal to 30.0%. This criteria 
must be met for the initial calibration to be valid. 

2.3 A system performance check must be performed to ensure that minimum 
average RRF are met before the calibration curve is used. 

2.3.1 For semivolatiles, the System Performance Check Compounds 
(SPCCs) are: N-Nitroso-Di-n-Propylamine, Hexachlorocyclo­
pentadiene, 2,4-Dinitrophenol, and 4-Nitrophenol. The 
minimum acceptable average RRF for these compounds is 0.050. 
SPCCs typically have very low RRFs (0.1 - 0.2) and tend to 
decrease in response as the chromatographic system begins to 
deteriorate or the standard material begins to deteriorate. 
These compounds are usually the first to show poor 
performance. Therefore, they must meet the minimum 
requirement when the system is calibrated. 

2.3.2 The initial calibration is valid only after both the SRSD for 
CCC compounds and the minimum RRF for SPCC have been met. 
Only after both these criteria are met can sample analysis 
begin. 



Characteristic 

Parameter 

Phenol 

~ bis(-2-Chloroethyl)Ether 
~ 2-Chlorophenol 

1,3-Dichlorobenzene 

·-- 1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylpheno1 
bis(-2-Chloroisopropyl)Ether 
4-Methylphenol 
N-N1troso-di-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethy1pheno1 
Benzoic acid 
bis(-2-Ch1oroethoxy)Methane 

~ 2,4-Dichloropheno1 .. , 
.1 1,2,4-Trichlorobenzene ·...._, 

Naphthalene_ 
'--- 4-Ch 1 oroan 111 ne 

Hexachlorobutadiene 
4-Chloro-3-Methylphenol 
2-Methy1naphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethyl phthalate 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Oiethylphthalate 
4-Chlorophenyl-phenylether 

Table 2 
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Ions for Semivolat1le TCL Compounds 

Primary Ion Secondary Ion(s) 

94 65, 66 
93 63, 95 

128 64, 130 
146 148, 113 
146 148, 113 
108 79, 77 
146 148, 113 
108 107 

45 77' 79 
108 107 

70 42, 101' 130 
117 201' 199 

77 123,65 
82 95, 138 

139 65. 109 
107 121, 122 
122 105,77 

93 95. 123 
162 164, 98 
180 182, 145 
128 129, 127 
127 129 
225 223, 227 
107 144, 142 
14? 141 
237 235, 272 
196 198, 200 
196 198, 200 
162 164. 127 

65 92, 138 
163 194, 164 
152 151, 153 
138 108, 92 
153 152. 154 
184 63, 154 
109 139. 65 
168 139 
165 63, 182 
165 89, 121 
149 177, 150 
204 206, 141 
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Characteristic Ions for Semivolatile TCL Compounds 

Parameter 

Fluorene 
4-Ni troani 1 i ne 
4,6-Dinitro-2-Methylphenol 
N-Nitrosod1phenylamine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-8utylphthalate 
Fluoranthene 
Pyrene , 
8utylbenzylphthalate 
3,3'-Dichlorobenzid1ne 
8enzo(a)Anthracene 
b1s(2-Ethylhexyl)Phthalate 
Chrysene 
Di-N-Octyl phthalate 
Benzo(b)Fluoranthene 
8enzo(k)Fluoranthene 
Benzo(a)Pyrene 
Indeno(l,2,3-td)Pyrene 
Dibenz(a, h)Anthracene 
8enzo(g, h, i) Perylene 

Primary Ion 

166 
138 
198 
169 
248 
284 
266 
118 
118 
149 
202 
202 
149 
252 . 
228 
149 
228 
149 
252 
252 
252 
276 
278 
276 

Secondary Ion(s) 

165, 167 
92. 108 
182, 11 

168, 167 
250, 141 
142, 249 
264, 268 
179. 116 
179' 116 
150, 104 
101' 100 
101, 100 
91, 206 

254, 126 
229. 226 
167. 279 
226, 229 

253, 125 
253, 125 
253, 125 
138, 227 
139' 279 
138, 277 
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Characteristic Ions for Surrogates and 
Internal Standards for Semivolat1le Compounds 

Phenol-d5 
2-Fluorophenol 
2,4,6-Tribromophenol 
d-5 Nitrobenzene 
2-Fluorobiphenyl 
Terphenyl 

1,4-D1chlorobenzene-d4 
Naphthalene-de 
Acenaphthene-dlo 
Phenanthrene-dlo 
Chrysene-d1o 
Perylene-d12 

Primary Ion 

Surrogates 

99 
112 
330 
82 

172 
244 

Internal Standards 

152 
1:l6 
164 
188 
240 
264 

Secondary Ion(s) 

42 t 71 
64 

332 t 141 
128, 54 

171 
122, 212 

115 
68 

162 t 160 
94, 80 

120, 236 
260, 265 
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Table 4 

Semivolatile Internal Standards with Corresponding TCL Analytes Assigned for Quantftatfon 

1 ,4-0ichlorobenzene-d Naphthal ene-d Acenaphthene-d Phenanthrene-d Chrysene-d Perylene-d 

Phenol Nitrobenzene Hexachlorocyclo- 4,6-0initro-2- Pyrene 01-n-octyl 
bis(2-chloroethyl) Isophorone pentadiene methyl phenol Butyl benzyl phthalate 

ether 2-Nitrophenol 2,4,6-Trichloro- N-nitrosod1- phthalate Benzo(b )fluor-
2-Chl orophenol 2 ,4-Dimethyl- phenol phenyl amine 3,3'Dichloro- anthene 
1 ,3-Dichlorobenzene phenol 2,4,5-Trichloro- 1 ,2-Diphenylhy- benzidine Benzo(k )fluor-
1 ,4-Dichlorobenzene Benzoic acid phenol drazine Benzo(a)- anthene 
Benzyl alcohol bis(2-Chloro- 2-Chloronaphthalene 4-Bromophenyl anthracene Benzo(a)pyrene 
1 ,2-0ichlorobenzene ethoxy)methane 2-Nitroanilfne phenyl ether bis (2-ethyl- Indeno(1,2,3-c 
2-Methyl ~heno 1 2,4-Dichloro- Dimethyl phthalate Hexachloro- hexyl)phthalate pyrene 
bis(2-Ch oroiso- pnenol Acenaphthyl ene benzene Chrysene Oibenz(a, h) 

propyl )ether 1,2,4-Trichloro- 3-Nitroaniline Pentachloro- Terphenyl-d14 anthracene 
4-Methyl pheno 1 benzene Acenaphthene phenol (surr) Benzo ( g ,h , i ) 
N-ni troso-Di -n- Naphthalene 2,4-0initrophe~ol Phenanthrene perylene 

propyl amine 4-Chloroanilfne 4-Nitrophenol Anthracene 
Hexachloroethane Hexachloro- Dibenzofuran 01 -n-butyl 
2-Fluorophenol butadiene 2,4-0initrotoluene phthalate 

(surr) 4-Chloro-3- 2,6-Dinitrotoluene Fluoranthene 
Phenol-d6 (surr) methyl phenol Ofethyl phthalate 

2-Methyl naphth- 4-Chlorophenyl-
alene phenyl ether 

Nitrobenzene-ds Fluorene 
(surr) 4-Nftroanil ine 

2-Fluorobiphenyl 
(surr) 

2,4,6-Tribromo 

( 
phenol 

( 
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A calibration standard(s) containing all semivolatile TCL compounds, 
including all required surrogates, must be analyzed each 12 hours 
during analysis. Compare the RRF data from the standards each 
12 hours with the average RRF from the initial calibration for a 
specific instrument. A system performance check must be made each 
12 hours. If the SPCC criteria are met, a comparison of relative 
response factors is made for all compounds. This is the same check 
that is applied during the initial calibration. If the minimum RRFs 
are not met, the system must.be evaluated and corrective action must 
be taken before sample analysis begins. 

2.4.1 Some possible problems are standard mixture degradation, 
injection port inlet contamination, contamination at the from 
end of the analytical column, and active sites in the column 
or chromatography system. This check must be met before 
analysis begins. The minimum RRF for semivolatile SPCC is 
0.050. 

2.4.2 Calibration Check Compounds (CCC) 

After the system performance check is met, CCCs listed in 
Table 5 are used.to check the validity of the initial 
calibration. Calculate the ~ercent difference using 
Equation 2.3. 

Where: 

RRF 1 _ RRFc 
% Difference = 

RRFt 
Equation 3 

RRFJ = Average response factor from initial calibration 

RRFc = Response factor from current verification check 
standard. 

2.4.2.1 If the percent difference for any compound is greater 
than 20%, the laboratory should consider this a 
warning limit. If the percent difference for each 
CCC is less than or equal to 30%. the initial 
calibration is assumed to be valid. If the criteria 
are not met (>30% difference), for any one 
calibration check compound, corrective action MUST be 
taken. 
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Table 5 Calibration Check Compounds 

Base/Neutral Fraction 

Acenaphthene 
1,4-Dichlorobenzene 
Hexachlorobutad1ene 
N-Nitroso-di-n-phenylamine 
Di-n-octylphthalate 
Fluoranthene 
8enzo(a)pyrene 

Acid Fraction 

4-Chloro-3-Methylphenol 
2,4-Dichlorophenol 
2-Nitropheno 1 
Phenol 
Pentachlorophenol 
2,4,6-Trichlorophenol 

Continuing calibration: 20 ng except for the following: 
Benzoic acid, 2,4-Dinitrophenol, 2,4,5-trichlorophenol, all three 
nitroaniline isomers, 4-Nitrophenol, 4,6-0initro-2~ethylphenol, 
and pentachlorophenol which are to be injected at 50 ng. 

2.5 Documentation 

Calculate and report the RRF and percent difference (%0) for all 
compounds. Ensure that the minimum RRF for semivolatile SPCCs is 
0.050. The %0 for each CCC compound must be less than or equal to 
30.0%. 

~ 3. Internal Standard Evaluation 

Internal standard responses and retention times in all samples must be 
evaluated during or immediately after data acquisition. If the retention -._/-
time for any internal standard changes by more than 30 seconds from the 
latest daily (12 hour) calibration standard, the chromatographic system 
must be inspected for malfunctions, and corrections made as required. lhe 
EICP of the internal standards must be monitored and evaluated for each 
sample, blank, matrix spike, and matrix spike duplicate. If the EICP area 
for any internal standard changes by more than a factor of two (-50% to 
+100%), the mass spectrometric system must be inspected for malfunction 
and corrections made as appropriate. When corrections are made, 
re-analysis of samples analyzed while the system was malfunctioning is 
necessary. 

Method Blank Analysis 

4. A method blank is a volume of deionized, distilled laboratory water, 
carried through the entire analytical scheme (extraction, concentration, 
and analysis). The method blank volume must be approximately equal to the 
sample volumes or sample weights being processed. 

4.1 A method blank is performed with every 20 samples processed and/or 
whenever samples are extracted, whichever is most frequent. 
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5. Surrogate standard detenminat1ons are performed on all samples and 
blanks. All samples and blanks are fortified with surrogate spiking 
compounds before purging or extraction in order to monitor preparation and 
analysis of samples. 

5.1 Each sample, matrix spike, matrix spike duplicate, and blank are 
spiked with surrogate compounds before extraction. T~e surrogate 
spiking compounds shown in Table 6 are used to fortify e~ch sample, 
matrix spike, matrix spike duplicate, and blank with the proper 
concentration~. Perfonmance based criteria are generated from 
laboratory results. Th'erefore, deviations from the spiking pr-otocol 
will not be permitted. 

Table 6 Surrogate Spiking Compounds 

Compounds Am-ount in Sample 
Fraction Water (ug) 

Nitrobenzene-d5 
2-Fluorobiphenyl 
p-Terphenyl-d14 
Phenol-d5 
2-Fluorophenol 
2,4,6-Tribromophenol 

BNA 
BNA 
BNA 
BNA 
BNA 
BNA 

25 
25 
25 
50 
50 
50 

5.2 Surrogate spike recovery must be evaluated by determir.i..~ whether the 
concentration (measured as percent recovery) falls inside the 
recovery limits listed in Table 7. 

Table 7 Required Surrogate Spike Recovery Limits 

Fraction Surrogate Compound Water 

BNA Nitrobenzene-d5 35-114 
BNA 2-Fluorobiphenyl 43-116 
BNA p-Terphenyl-d14 33-141 
BNA Phenol-ds 10-94 
BNA 2-Fl uoropheno 1 21-100 
BNA 2,4,6-Tribromophenol 10-123 
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5.3 The analyst must take the actions listed below if either of the 
following conditions exists: 

0 Recovery of any one surrogate compound in either base neutral or 
acid fraction is below 101. 

o Recoveries of two surrogate compounds in either base neutral or 
acid fractions are outside surrogate spike recovery limits. 

5.3.1 The analyst shall document (1n this instance, document 
means to write down and discuss the problem and 
corrective action taken 1n the Case Narrative) deviations 
outside of acceptable quality·control limits and take the '-' 
following actions: 

5.3.1.1 Check calculations to ensure that there are no 
errors; check internal standard and surrogate 
spiking solutions for degradation, 
contamination, etc., also check instrument 
performance. 

5.3.1.2 If the steps in 5.3.1.1 fail to reveal a 
problem, then reanalyze the extract. If 
reanalysis of the extract solves the problem, 
then the problem was within the analyst•s 
control. Therefore, only submit data from the 
analysis with surrogate spike recoveries within 
the control windows. This shall be considered 
the initial analysis and shall be reported as 
such on all data deliverables. 

5.3.1.3 If the steps in 5.3.1.2 fa11 to solve the 
problem, then reextract ana reanalyze the 
sample. If the reextraction and reanalysis 
solves the problem, then the problem was 1n the 
analyst•s control. Therefore, only submit data 
from the extraction and analysis with surrogate 
spike recoveries within the control windows. 
This shall be considered the initial analysis 
and shall be reported as such on all data 
deliverables. 

5.3.1.4 If the reextraction and reanalysis of the sample 
does not solve the problem, i.e., surrogate 
recoveries are outside the control windows for 
both analyses, then submit the surrogate spike 
recovery data and the sample data from both 
analyses. Distinguish between the initial 
analysis and the reanalysis on all data 
de 11 verables. 
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The laboratory shall report surrogate recovery data for the following: 

o Method blank analysis 
o Sample analysis 
o Matrix spike/matrix spike duplicate analysis 
o All sample reanalyses that substantiate a matrix effect 

.--.., 
~ Matrix Spike/Matrix Spike Duplicate Analysis (MS/MSD) 

--.... ~-
\ .._.. 

~ 

6.1 MS/MSD Frequency of Analysis 

A matrix spike and matrix spike duplicate must be performed for each 
group of samples of a similar matrix. once: 

o Each case of field samples received. OR 
o Each 20 field samples in a case. OR 

whichever is most frequent. 

6.2 Use the compounds listed in Table 8 to prepare matrix spiking 
solutions. Optional dilution steps must be accounted for when 
calculating percent recovery of the matrix spike and matrix spike 
duplicate samples. 

Table 8 Matrix Spiking Solutions 

Spike Spike 
Base/Neutra • .- Amount Acids Amount 

(,. (,.g) 

i,2,4-irichlorobenzene 25 Pentachlorophenol 50 
Acenaphthene 25 Phenol 50 
2,4-Dinitrotoluene 25 2-Chlorophenol 50 
Pyrene 25 4-Chloro-3-Methyl- 50 
1,4-Dichlorobenzene phenol 

25 4-Nitrophenol 50 

6.2.1 Samples requiring optional dilutions and chosen as the matrix 
spike/matrix spike duplicate samples. must be analyzed at the 
same dilution as the original unspiked sample. 



MP-LDLS-MA 
PAGE 16 OF 28 
DATE: 
REPLACES: Originai 
SECTION: 6004 

6.3 Individual component recoveries of the matrix spike are calculated 
using Equation 4 · 

Matrix Spike Percent Recovery • SSR - SR x 100 
SA 

Where: 

SSR = Spike sample results. -
:~; SR = Sample result. 
~~ SA = Spike added from spiking mix. 

6.4 Relative Percent Difference (RPO) 

Equation 4 

The analyst is required to calculate the relative percent difference 
between the ~~trix spike and matrix spite duplicate. The relative 
percent differences (RPO) for each component-are calculated using 
Equation 5. 

RPD = x 100 

Where: 

RPO = Relative percent difference 
o, = First sample value 
02 = Second sample value (duplicate) 

Equation 5 

6.5. The rr.atrix spike (MS) results ftoncentrations) for nonspiked .............., 
semivolatile TCL compounds shall be reported and the matrix spike 
percent recoveries shall be summarized (Table 9). 

Fraction 

BN 
8N 
BN 
BN 
BN 
BN 
Acid 
Acid 
Acid 
Acid 
Acid 

Table 9 Matrix Spike Recovery Limits 

Matrix Spike Compound 

1,2,4-Trichlorobenzene 
Acenaphthene -
2,4-0initrotoluene 
Pyrene 
N-Nitroso-Di-n-Propylamine 
1,4-Dichiorobenzene 
Pentachlorophenol 
Phenol 
2-Chloropheno1 
4-Chloro-3-Methylpheno1 
4-Nitrophenol 

Water 

39-98 
46-118 

. 24-96 
26-127 
41~116 

36-97 
9-103 
12-89 
27-123 

. -23-97 
10-80 
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o Separatory funnel - 2,000 ml, with Teflon• stopcock. 
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o Drying column - 19 mm ID chromatographic column with coarse frit. 
(Substitution of a small pad of Pyrex glass wool for the frit will prevent 
cross contamination of sample extracts.) 

o Concentrator tube - Kuderna-Danish, 10 ml, graduated (Kontes K-570050-1025 
or equivalent). Calibration must be checked at the volumes employed in 
the test. Ground glass stopper 1s used to prevent evaporation of extracts. 

o Evaporative flask - Kuderna-Danish, 500 ml (Kontes K-570001 0500 or 
equivalent). Attach to concentrator tube with springs. 

o Snyder column - Kuderna-Danish, three-ball macro (Kontes K503000 0121 or 
equivalent). 

o Snyder column - Kuderna-Danish, two-ball micro (Kontes K569001 0219 or 
equivalent). 

o Vials - amber glass, 2 ml capacity with Teflon-lined screw-cap. 

o Continuous liquid-liquid extractors - equipped with Teflon or glass 
connecting joints and stopcocks requiring no lubrication (Hershberg~olf 
Extractor-Ace Glass Company, Vineland, NJ, PIN 6841-10 or equivalent). 

o Silicon carbide boiling chips - approximately 10/40 mesh. Heat to 4oo•c 
for 30 minutes or Soxhlet extract with methylene chloride. 

o Water bath - heated, with concentric ring cover, capable of temperature 
control (±2°C). The bath should be used in a hood. 

o 3.4 Balance -analytical, capable of accurately weighing ±Q.OOOl g. 

o 3.5 Nitrogen evaporation device equipped with a water bath that can be 
maintained at 35-40°C. The N-Evap by Organomation Associates, Inc., 
South Berlin, Maryland (or equivalent) is suitable. 

o Gas chromatograph/mass spectrometer system. 

o Gas chromatograph - an analytical system complete with a temperature 
programmable gas chromatograph suitable for splitless injection and all 
required accessories including syringes, analytical columns, and gases. 

o Column - 30 m x 0.25 mm ID (or 0.32 mm) bonded-phase silicone coated fused 
silica capillary column (J&W Scientific DB-5 or equivalent). A film 
thickness of 1.0 micron is recommended because of its larger capacity. A 
film thickness of 0.25 micron may be used. 
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o Mass spectrometer - capable of scanning from 35 to 500 amu every 1 second 
or less, utilizing 70 volts (nominal) electron energy in the electron 
impact ionization mode and producing a mass spectrum which meets all 
required criteria when 50 ng of decafluorotriphenylphosphine (DFTPP) is 
injected through the 6C inlet. 

o NOTE: DFTPP criteria must be met before any sample extracts are 
analyzed. Any samples analyzed when DFTPP criteria have not been met will 
require reanalysis. 

o Data system - a computer system must be interfaced to the mass 
spectrometer that allows the continuous acquisition and storage on machine 
readable media of all mass spectra obtained throughout the duration of the 
chromatographic program. The computer must have software that allows 
searching any GC/MS data file for ions .of a specific mass and plotting 
such ion abundances versus time or scan number. This type of plot 1s 
defined as an Extracted Ion Current Profile (EICP). Software must also be 
available that allows integrating the abundance in any EICP between 
specified time or scan number limits. 

REAGENTS: 

o Reagent water - reagent water is defined as a water 1n which an 
interferent is not observed at or above the method detection limit of each 
parameter of interest. 

o Sodium hydroxide solution (lON) - dissolve 40 g NaOH 1n reagent water and 
dilute to 100 ml. 

o Sodium thiosulfate - (ACS) granular. 

o Sulfuric acid solution (1+1) -slowly add 50 ml of H2S04 (sp gr.1.84) 
to 50 ml of reagent water. 

o Acetone, methanol, methylene chloride- pesticide quality or equivalent. 

o Sodium sulfate - (ACS) powdered, anhydrous. Purify by heating at 400°C 
for four hours in a shallow tray, .cool in a desiccator, and store in a 
glass bottle. Baker anhydrous powder, Catalog No. 73898 or equivalent. 

o Surrogate standard spiking solution. 

o Surrogate standards are added to all samples and calibration solutions: 
the compounds specified for this purpose are phenol-d6, 
2,4,6-tribromophenol, 2-fluorophenol, nitrobenzene-ds. terphenyl-dl4• 
and 2-fluorobiphenyl. 
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o Prepare a surrogate standard spiking solution that contains the 
base/neutral compounds at a concentration of 100 ~g/ml, and the acid 
compounds at 200 ~g/mL. Store the spiking solutions at 4•c (±2°C) in 
Teflon-sealed containers. The solutions should be checked frequently for 
stability. These solutions must be replaced after twelve months. or 
sooner if comparison with quality control check samples indicates a 
problem. 

o BNA Matrix standard spiking ~olution. The matrix spike solution consists 
·~ of: 

Base/Neutrals 

1,2,4-trichlorobenzene 
acenaphthene 
2,4-dinitrotoluene 
pyrene 
N-nitroso-di-n-propylamine 
1,4-dichlorobenzene 

Acids 

pentachlorophenol 
phenol 
2-chlorophenol 
4-chloro-3-methylphenol 
4-nitrophenol 

o Prepare a spiking solution that contains each of the base/neutral 
compounds above at 100 ~g/1.0 ml in methanol and the acid compounds at 
200~g/1.0 ml in methanol. 

o Internal standards- 1,4-dichlorobenzene-a4, naphthalene-de, 
acenaphthene-dlO• phenanthrene-dlO• chrysene-dl2• perylene-d12· 
An internal standard solution can be prepared by dissolving 200 mg of each 
compound in 50 ml of methylene chloride. It may be necessary to use 5 -
10% benzene or toluene in this solution and a few minutes of ultrasonic 
mixing in order to dissolve all the constituents. The resulting solution 
will contain each standard a concentration of 4,000 ng/~L. A 10-~L 
portion of this solution should be added to each 1 ml of sample extract 
(5 ~1 to 0.5 ml). Th1s will give a concentration of 40 ng/~L of each 
constituent. 

o Prepare calibration standards at three concentration levels. Each 
calibration standard should contain each compound of interest and each 
surrogate standard. 

NOTE: Great care must be taken to maintain the integrity of all standard 
solutions. Store all standard solutions at -10• to -2o•c in 
screw-cap amber bottles with Teflon-liners. Fresh standards 
should be prepared every 12 months at a minimum. The continuing 
calibration standard should be prepared weekly and stored at 4•c 
Ct2•c>. 



PROCEDURE: 

1. Sample Storage and Holding Times 

1.1 Procedures for Sample Storage 

MP-LDLS-MA 
PAGE 20 OF 28 
DATE: 
REPLACES: Original 
SECTION: 6004 

1.1.1 The samples must be protected from light and refrigerated at 
4°C (±2°C) from the time of receipt until extraction and 
analysis. 

1.2 Holding Times 

2.1 The extraction of water samples shall be completed within 5 days of 
sample receipt or within 7 days of sample collection. 

2. Sample Extraction - Separatory Funnel 

2.1 Samples are extracted using separatory funnel techniques. The 
separatory funnel extraction scheme described below assumes a sample 
vo 1 ume of 1-l. 

2.2 Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and 
place it into a 2-l separatory funnel. Add 250 ~1 of surrogate 
standard spiking solution into the separatory funnel and mix well. 
Add 250 ~I of BNA matrix spiking solution to each of two 1-l 
portions from the sample selected for spiking. Check the pH of the 
sample with wide range pH paper and adjust to pH> 11 with lOH sodium 
hydroxide. 

2.3 Add 60 ml of methylene chloride to the separatory funnel and extract ._; 
the sample by shaking the funnel for 2 minutes, with periodic venting 
to release excess pressure. Allow the organic layer to separate from 
the water phase for a minimum of 10 minutes. If the emulsio.-. 
interface between layers is more than one-third the volume of the 
solvent layer, the analyst must employ mechanical techniques to 
complete the phase separation. The optimum technique depends upon 
the sample, and may include: stirring, filtration of the emulsion 
through glass wool centrifugation, or other physical methods. 
Collect the methylene chloride extract in a 2SO~L Erlenmeyer flask. 

2.4 Add a second 60-ml volume of methylene chloride to the sample bottle 
and repeat the extraction procedure a second time, combining the 
extracts in the Erlenmeyer flask. Perform a third extraction in the 
same manner. label the combined extract as the base/neutral fraction. 

2.5 Adjust the pH of the aqueous phase to less than 2 using sulfuric acid 
(1 + 1). Serially extract three times with 60~L aliquots of 
methylene chloride, as per Paragraph 5.3. Collect and combine the 
extracts in a 250 ml Erlenmeyer flask and label the combined extract 
as the acid fraction. 
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RERYlliUM 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 210.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection limit: 0.02 mg/l 

Optimum Concentration Ranqe: 0.02 - 2.00 mg/l 

· Sample Handlfnq: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to 
analysis (refer to appropriate digestion procedures). 
Analyze within 6 months. 

Instrument Conditions: 

1. Beryllium t1o11ow cathode lamp wfth lamp energy set at 30. 

2. Wavelength: 234.9 nm 

3. Slit Width: 0.7 Normal 

4. Fu~l: Acetylene 

5. Oxidant: Nitrous oxide 

__, ......... , 6. Type of flame: Red ·v 
1. Standards to use for curve set-up: 0.20, 0.50, 1.00, 2.00 mg/l. 

Rea~ent Preparation: (Prepare fresh every 6 months unless otherwise ..... :ed.) 

1. 

2. Standards (Prepare fresh every month.): 

Concentration 
of Standard 

0.20 mg/l 
0.50 mg/l 
1.00 mg/l 
2.00 mg/l 

Volume of 
Beryllium Standard 

2 ml of 10.0 mg/l Be 
5 ml of 10.0 mg/l Be 
10 mL of 10.0 mg/L BP. 
20 ml of 10.0 mg/L Be 

BeFlC-1 

Dilute 
to 

100 rnl 
100 ml 
100 ml 
100 ml 
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Notes: 

1. 

2. 

3. 

4. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same ~cid concentrations as the 
samples i>f'it'lg analyzed. 

The use of background correction is required. 

Sodium and silicon in excess of 1000 mg/L severely depress the 
absorbance for beryllium. The addition of oxine (8-hydroxyqufnoline) 
as ~ matrix modifier wfll control these interferences. 

S. Aluminum of concentrations of 500 ug/L will depress the sensitivity. 

1@ Procedure: For the analy~is procedure, refer to the Atomic Ahsorptfon 
Spectrometry, Flame - Direct Aspiration section of this manual. 

·.~ 
L _·· .'i 
'..;.JI 

If beryllium is to be run in concentration mode. use the 1.00 
and 2.00 standards and follow the procedure for analyzing in 
the concPntratfon mode. 

Qua li ty Con tro 1 : 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance ChPC~ standard in the absorbance 
check boo~. The absorbances should remain consistent from run 
to run. If not, necess~ry troubleshooting mJst be performed 
bPfore continuing (check wavelength, flame head alignment, lamp 
a 1 i gnment. etc.). 

2. A quality control calibration standard of 0.50 mg/L is to be 
analyzed. at a minimum. after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sampl~ analyzed in the run is to be the calibration 
standard. Thh~: standards must be within the acceptable ranges or 
the samples run after the last acceptable check standard are to 
be re~r-alyzed. Record the calibration standards in the quality 
control book. The confidence limits are noted in the quality 
control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samoles are analyzed. a duplicate and spike are still required. 
DuplicatPS are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplici\ tes are to be within acceptable 
ranoes or the use of dilution or method of standard additions is 
to be applied to reduce the interferenc~s. 

BeFlC-2 
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2.6 Assemble a Kuderna-Dan1sh (K-0) concentrator by attaching a 10-ml 
concentrator tube to a 500-ml evaporative flask. 

2.7 Transfer the individual base/neutral and acid fractions by pouring 
extracts through separate drying columns containing about 10 em of 
anhydrous granular sodium sulfate, and collect the extracts in the 
separate K-D concentrators. Rinse the Erlenmeyer flasks and columns 
with 20 to 30 ml of methylene chloride to complete the quantitative 
transfer. 

2.8 Add one or two clean boiling chips and attach a three-ball Snyder 
column to the evaporative flask. Pre-wet the Snyder column by adding 
about 1 ml methylene chloride to the top of the column. Place the 
K-D apparatus on a hot water bath (BO• to 90°C) so that the 
concentrator tube is partially immersed in the hot water, and the 
entire lower rounded surface of the flask is bathed with hot vapor. 
Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 10 to 
15 minutes. At the proper rate of distillation, the balls of the 
column will actively chatter but the chambers will not flood with 
condensed solvent. When the apparent volume of liquid reaches 1 ml, 
remove the K-D apparatus from the water bath and allow it to drain 
and cool for at least 10 minutes. Remove the Snyder column and rinse 
the flask and its lower joint into the concentrator tube with 1-2 ml 
of methylene chloride. A 5-ml syringe is recommended for this 
operation. 

2.9 Micro Snyder column technique -add another one or two clean boiling 
chips to the concentrator tube and attach a two-ball micro Snyder 
column. p~o-wet the Snyder column by adding about 0.5 ml of 
methylene chloride to the top of the column. Place the K-D apparatus 
on a hot water bath (BO• to go•c) so that the concentrator.tube is 
~art\aily immersed in ~he hot water. Adjust tne vertical position of 
the apparatus and the water temperature as required to complete the 
concentration in 5 to 10 minutes. At the proper rate of distillation 
the balls of the column will actively chatter but the chambers will 
not flood with condensed solvent. When the apparent volume of liquid 
reaches about 0.5 ml, remove the K-D apparatus from the water bath 
and allow it to drain for at least 10 minutes while cooling. Remove 
the Snyder column and rinse its flask and its lower joint into the 
concentrator tube with 0.2 ml of methylene chloride. Adjust the 
final volume to 1.0 ml with methylene chloride. If GC/MS analysis 
will not be performed immediately, stopper the concentrator tube and 
store refrigerated. If the extracts will be stored longer than 
2 days, they should be transferred to individual Teflon-sealed 
screw-cap bottles and labeled base/neutral or acid fraction, 
appropriate. 
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3. Calibration 

. ........_ 

.. ;;;J 

3.1 Each GC/MS system must have the hardware tuned to meet the criteria 
listed in Table 1 for a SO-ng injection of decafluorotriphenyl 
phosphine (DFTPP). No sample analyses can begin until all these 
criteria are met. This criteria must be demonstrated each 12-hour 
shift. DFTPP has to be injected to meet this criterion. 
Post-acquisition manipulation of abundances is not acceptable . 

3.2 The internal standards should penmit most components of interest in a 
chromatogram to have retention times of 0.80 to 1.20 relative to the 
internal standards. Use the base peak ion from the specific internal 
standard as the primary ion for quantification (Table 2.2). If 
interferences are noted, use the next most intense ion as the 
secondary ion, i.e., for 1,4-dichlorobenzene-d4 use m/z 152 for 
quantification. 

3.3 

3.2.1 The internal standards are added to all calibration standards 
and all sample extracts just prior to analysis by GC/MS. A 
10-~l aliquot of the internal standard solution should be 
added to a l~l aliquot of calibration standards. 

Analyze 1 ~l of each calibration standard and tabulate the area of 
the primary characteristic ion against concentration for each 
compound including the surrogate compounds. Calculate relative 
response factors (RRF) for each compound using Equation 1. 

Where: 

Ax = 

Equation 1 

Area of the characteristic ion for the compound to be 
measured. 

Area of the characteristic ion for the specific 
internal standard from Table 3. 

Concentration of the internal standard (ng/~l). 

Concentration of the compound to be measured 
(ng/~l). 
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3.3.1 The average relative response factor (RRF) should be 
calculated for all compounds. A system performance check must 
be made before this calibration curve is used. Four compounds 
(the system performance check compounds) are checked for a 
minimum average relative response factor. These compounds 
(the SPCC) are N-nitroso-di-n-propylamine, hexachlorocyclo­
pentadiene, 2,4-dinitrophenol, 4-nitrophenol. 

3.3.2 A S relative standard deviation (SRSD) is calculated for 
~1 compounds labeled the calibration check compounds (CCC) on 
Form VI SV and 1n Table 2.3. a maximum SRSD is also specified 
for these compounds. These criteria must be met for the 
~alibration curve to be valid. 

3.4 A checkl of the calibration curve must be performed once every 
12 hours during analysis. These criteria are described in detail 
under the Quaity Assurance section of this method. The minimum RRF 
for the system performance check compounds must be checked. If this 
criteria is met, the RRFs of all compounds are calculated. A percent 
difference of the daily (12 hour) RRF compared to the average RRF 
from the initial curve is calculated. A maximum percent difference 
of 30% is allowed for each compound flagged as 'CCC'. Only after 
both these criteria are met can sample analysis begin. 

3.5 Internal standard responses and retention times in all standards must 
be evaluated during or immediately after data acquisition. If the 
retention time for any internal standard changes by more than 
30 seconds from the latest daily (12 hour) cali~ration standard, the 
chromatographic system must be inspected for malfunctions, and 
corrections made as requ,red. The EICP of the internal standards 
must be monitored and evaluated for each standard. If the EICP area 
for any internal standard changes by more than a factor of two 
(-50% to +100%), the mass spectrometric system must be inspected for 
malfunction and corrections made as appropriate. When corrections 
are made, reanalysis of samples analyzed while the system was 
malfunctioning is necessary. 

4. GCMS Analysis 

4.1 The following instrumental parameters are required for all 
performance tests and for all sample analyses: 

Electron energy - 70 volts (nominal) 
Mass range - 35 to 500 amu 
Scan time - not to exceed 1 second/scan 

4.2 Combine the base/neutral extract and the acid extract and concentrate 
or adjust for a final volume of 0.5 ml. 

• 



r 
'~ 

4.3 

MP-LDLS-MA . 
PAGE 24 OF 28 
DATE: 
REPLACES: Original 
SECTION: 6004 

Internal standard solution (5 ~L) is added to each sample extract. 
Analyze the extract by GC/MS using a bonded-phase silicone-coated 
fused silica capillary column. The recommended GC operating 
conditions to be used are as fall~: 

Initial column temperature hold - 4o•c for 4 minutes 
Column temperature program - 40-27o•c at 10•/minute 
Final column temperature hold - 21o•c for 10 minutes 
Injector temperature - 250-300•c 
Transfer line temperature - 250-300•c 
Source temperature - according to manufacturer's 

specifications 
Injector-Grob-typ·e, splitless 
Sample volume - 1 - 2 ,..L 
Carrier gas - Helium at 30 cm3/second 

5. Qualitative Analysis 

5.1 The compounds listed in the Target Compound List (TCL), shall be 
identified by an analyst competent in the interpretation of mass 
spectra by comparison of the sample mass spectrum to the mass 
spectrum of a standard of the suspected compound. Two criteria must 
be satisfied to verify the identifications: (1) elution of the 
sample component at the GC relative retention time as the standard 
component, and (2) correspondence of the sample component and 
standard component mass spectra. 

5.1.1 For establishing correspondence of the GC relative retention 
time (RRT), the sample component RRT must compare within 
+0.06 RRT units of the RRT of the standard component. For 
reference, the standard must be run on the same shift as the 
sample. If coelut1on of interfering components prohibits 
accurate assignment of the sample component RRT from the 
total ion chromatogram, the RRT should be assigned by using 
extracted ion current profiles for ions unique to the 
component of interest. 

5.1.2 For comparison of standard and sample component mass spectra, 
mass spectra obtained on the analyst's GC/MS are required. 
Once obtained, these standard spectra may be used for 
identification purposes, only if the GC/MS meets the DFTPP 
daily tuning requirements. These standard spectra may be 
obtained from the run used to obtain reference RRTs. 

5.1.3 The requirements for qualitative verification by comparison 
of mass spectra are as follows: 

5.1.3.1 All ions present in the standard mass spectra at a 
relative intensity greater than 10% (most abundant 
ion in the spectrum equals 100%) must be present in 
the sample spectrum. 
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5.1.3.2 The relative intensities of ions specified in 
5.1.3.1 must agree within plus or minus 20S between 
the standard and sample spectra. (Example: for an 
ion with an abundance of 50S in the standard 
spectra, the corresponding sample ion abundance must 
be between 30 and 70S.) 

5.1.3.3 Ions greater than lOS in the sample spectrum but not 
present in the standard spectrum must be considered 
and accounted for by the analyst making the 
comparison. The verification process should favor 
false positives. All compounds meeting the 
identification criteria must be reported with their 
spectra. For all compounds below the MDL report the 
actual value followed by •J•, e.g., •3J•. 

5.1.4 If a compound cannot be verified by all of the criteria in 
5.1.3, but in the technical judgement of the mass spectral 
interpretation specialist the identification is correctr then 
the Contractor shall report that identifications and proceed 
with quantification. 

5.2 A library search shall be executed for non-TCL sample components for 
the purpose of tentative identification. For this purpose, the 
1985 release of the National Bureau of Standards Mass Spectral 
Library (or a more recent release), containing 42,261 spectra, shall 
be used. 

5.2.1 Up to 20 nonsurrogate organic compounds of greatest apparent 
concentration not listed for the combined base/neutral/acid 
fraction shall be tentatively identified via a forward search 
of the NBS mass spectral library. (Substances with responses 
less than 10S of the-nearest internal standard are not 
required to be searched in this fashion.) Only after visual 
comparison of sample spectra with the nearest library 
searches will the mass spectral interpretation specialist 
assign a tentative identification. NOTE: Computer generated 
library search routines must not use normalization routines 
that would misrepresent the library or unknown spectra when 
compared to each other. 

5.2.2 Guidelines for making tentative identification: 

5.2.2.1 Relative intensities of major ions in the reference 
spectrum (ions greater than lOS of the most abundant 
ion) should be present in the sample spectrum. 
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5.2.2.2 The relative intensities of the major ions should 
agree within ±20S. (Example: for an ion with an 
abundance of 50S in the standard spectra, the 
corresponding sample ion abundance must be between 
30 and 70S . ..) 

5.2.2.3 Molecular ions present in reference spectrum should 
be present in sample spectrum. 

5.2.2.4 Ions present in the sample spectrum but not in the 
reference spectrum should be reviewed for possible 
background contamination or presence of co-eluting 
compounds. 

5.2.2.5 Ions present in the reference spectrum but not in 
the sample spectrum should be reviewed for possible 
subtraction from the sample spectrum because of 
background contamination or co-eluting compounds. 
NOTE: Data system library reduction programs can 
sometimes create these discrepancies. 

5.2.3 If in the technical judgement of the mass spectral 
interpretation specialist no valid tentative identification 
can be made, the compound should be reported as unknown. The 
mass spectral specialist should give additional 
classification of the unknown compound, if possible (i.e., 
unknown phthalate, unknown hydrocarbon, unknown acid type, 
unknown chlorinated compound). If probable molecular weights 
can be distinguished, include ·them. 

6. Quantitation 

6.1 TCL components identified shall be quantified by the internal 
standard method. The internal standard used shall be the one nearest 
the retention time to that of a given analyte. The EICP area of 
characteristic ions of analytes listed in Tables 2 and 3 are used. 

Internal standard responses and retention times in all samples must 
be evaluated during or immediately after data acquisition. If the 
retention time for any internal standard changes by more than 
30 seconds from the latest daily (12 hour) calibration standard, the 
chromatographic system must be inspected for malfunctions, and 
corrections made as required. The EICP of the internal standards 
must be monitored and evaluated for each sample, blank, matrix spike, 
and matrix spike duplicate. If the EICP area for any internal 
standard changes by more than a factor of two (-50S to +100%), the 
mass spectrometric system must be inspected for malfunction and 
corrections made as appropriate. When corrections are made, 
re-analysis of samples analyzed while the system was malfunctioning 
is necessary. 
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6.2 The RRF from the daily standard analysis is used to calculate the 
concentration in the sample. Secondary ions may be used if 
interferences are present. The area of a secondary ion cannot be 
substituted for the area of a primary ion unless a RRF is calculated 
using the secondary ion. When TCL compounds are below quantitation 
limits but the spectra meets the identification criteria, report the 
concentration with a 1 J 1

• 

6.2.1 Calculate the concentration in the sample using the RRF as 
determined in Paragraph 4.3 and the following e~uation: 

Concentration ~g/L • 
(Ax)OsHYt) 

(Ais)(RRF)(V0 )(Yi) 

Ax = 

A is = 

Is • 

Yo = 

Vi .. 
Yt = 

Area of the characteristic ion for the compound to e 
measured 

Area of the characteristic ion for the internal 
standard 

Amount of internal standard injected in nanograms 
(ng) 

Volume of water extracted in milliliters (ml) 

Volume of extract injected (pl) 

Volume of total extract 

6.3 An estimated concentration for Non-TCL components tentatively 
identified shall be quantified by the internal standard method. For 
quantification, ttre nearest internd 1 staildard free of interferences 
shall be used. 

6.3.1 The formula for calculating concentrations is the same as in 
Paragraph 6.2.1. Total area counts (or peak heights) from 
the total ion chromatograms are to be used for both the 
compound to be measured and the internal standard. A RRF of 
one (1) is to be assumed. The value from this quantitation 
shall be qualified as estimated. This estimated 
concentration should be calculated for all tentatively 
identified compounds as well as those identified as unknowns. 

6.4 Calculate surrogate standard recovery on all samples, blanks, and 
spikes. Determine if recovery is within limits and report. 
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6.4.1 If recovery is not within limits (i.e., 1f two surrogates 
from either base/neutral or acid fractions are out of limits 
2r if recovery of any ~ surrogate in either fraction is 
below lOS), the following 1s required. 

o Check to be sure there are not errors in calculations, 
surrogate solutions, and internal standards. Also, check 
instrument performance. 

o Reanalyze the sample if none of the above reveal a problem. 

6.4.2 If none of the steps above solve the problem, then reextract 
and reanalyze the sample. If the reextraction and reanalysis "'-" 
of the sample solves the problem, then the problem was within 
the laboratory's control. Therefore, only submit data from 
the analysis with surrogate spike recoveries within the 
control windows. This shall be considered the initial 
analysis and shall be reported as such. 

6.4.3 If the reextraction and reanalysis of the sample does not 
solve the problem, i.e., the surrogate recoveries are outside 
the control limh:s for both analyses, then submit the 
surrogate spike recovery data and the sample analysis data 
from analysis of both sample extracts. Distinguish between 
the initial analysis and the reanalysis on all data 
deliverables. 

6.4.4 If the sample with surrogate recoveries outside the lim1ts is 
the sample used for the matrix spike and matrix spike 
~ 1olicate and the surrogate recoveries of the matrix spike 
and matrix spike duplicate show the same pattern (i.e., 
outside the limits), then the sample, matrix spike, and 
matr~x spike duplicate do net r2quire reanalysis. Document 
in the narrative the similarity in surrogate recoveries. 
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ASSAY TITLE: The Analysis of Volatile Organics with Low Detection 
Limits by Purge and Trap Gas Chromatography/Mass 
Spectrometry Method 

AREA OF APPLICABILITY: Hazleton laboratories America, Inc. 
Mass Spectrometry Section 

~ SCOPE: 
·~ 

This purge and trap gas chromatography-mass spectrometry (GC-MS) method is 
applicable to the determination of volatile organic compounds in municipal 
(drinking) water and groundwater. The compounds listed in Table 1 (see 
attachments) represent the standard list of analytes determined by this 
method. 

This method is restricted to use by, or under the supervision of, analysts who 
are experienced in the operation of a purge and trap system, by GC-MS, and in 
the interpretation of mass spectra. 

PRINCIPLE: 

An inert gas is bubbled through a 25-mL water sample contained in a specially 
designed purging chamber at ambient temperature. The purgeables are 
efficiently transferred from the aqueous phas~ to the vapor phase. The vapor 

.~ is swept through a sorbent trap where the purgeables are trapped. After 
·:,;> purging 1s completed, the trap is heated and back flushed with the inert gas 

to desorb the purgeables onto a gas chromatographic column.· The gas 
chromatograph is te~perature programmed to separate the purgeables, which are 
then detected with a mass spectrometer. 

SENSITIVITY: 

The method detection limits presented in Table 6 represent the sensitivities 
that can be achieved in ground water in the absence of interferences. 

PRECISION, ACCURACY: 

Precision and accuracy for this method, as generated from an inhouse 
validation study, is presented in Table 7. 
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The toxicity or carcinogenicity of chemicals used in this method has not been 
precisely defined. 

o· Treat each chemical as a potential health hazard, and minimize exposure to 
these chemicals. 

Maintain an awareness of Occupational Safety and Health Administration (OSHA) 
~ regulations regarding safe handling of chemicals used in this method. 

·-7::;."t1 

I _.. 

o Make a reference file of material data handling sheets available to all 
personnel involved in the chemical analysis. 

o Additional references to laboratory safety are available for the 
information of the analyst. 

The following parameters covered by this method have been tentatively 
classified as known, or suspected, human or mammalian carcinogens: benzene, 
tetrachloroethene, trichloroethene, carbon tetrachloride, 1,2-dichloroethane, 
1,1,2,2-tetrachloroethane, 1,1,2-trichloroethane, chloroform, 
1,2-dibromomethane and vinyl chloride. 

o Prepare primary standards of these compounds under a hood. Wear a toxic 
gas respirator, approved by the National Institute of Occupational Safety 
and Health/Mining Enforcement and Safety Administration (NIOSH/MESA) when 
handling high concentrations of these toxic compounds. 

Observe all laboratory safety precautions as outlined in the Hazleton 
Laboratories America, Inc., Safet~ Training Manual. 

INTERFERENCES: 

Impurities in the purge gas, organic compounds outgassing from the plumbing 
ahead of the trap, and solvent vapors 1n the laboratory account for the 
majority of contamination problems. The analytical system is demonstrated to 
be free from contamination under the conditions of the analysis by running 
laboratory reagent blanks. Non-Teflon• plastic tubing, non-Teflon thread 
sealants, or flow controllers with rubber components in the purge and trap 
system are not used. 

QUALITY ASSURANCE: 

The minimum quality assurance/quality control (QA/QC) operations necessary to 
satisfy the analytical requirements associated with the determination of the 
volatile compounds listed in this method are as follows: 

o Documentation of GC/MS Mass Calibration and Abundance Pattern 

o Documentation of GC/MS Response Factor Stability 
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o Internal Standard Response and Retention Time Monitoring 

o Method Blank Analysis 

o Surrogate Spike Recovery Monitoring 

o Matrix Spike and Matrix Spike Duplicate Analysis 

1. GCMS Tuning and Mass Calibration 

Establish that the GC-MS system meets the standard spectral abundance 
criteria before initiating any data collection. Tune the 6C-MS system 
hardware to meet the abundance criteria listed in Table 1 for a maximum of '-' 
a 50 ng injection of 4-bromofluorobenzene (BFB). Do not analyze the BFB 
simultaneously with any calibration standards or blanks. Demonstrate this 
criteria daily. 

0 

0 

0 

Meet the BFB criteria before any standards. samples. or blanks are 
analyzed. 

Document the GC-MS tuning and mass calibratiQn each time the system 
is· tuned. 

Demonstrate that the GC-MS system can generate easily recognizable 
spectra using 1.5 pg/L for VOA•s. 

Table 1 

Mass 
CriTeria 

BFB Key Ions and Abundance Criteria 

Ion Abundance 

50 
75 
95 
96 

113 
114 
175 
116 

111 

15.0 - 40.0 percent of the base peak 
30.0 - 60.0 percent of the base peak 
base peak, 100 percent relative ab~ndance 
5.0 - 9.0 percent of base peak 
less than 2.0 percent of mass 174 
greater than 50.0 percent of the base peak 
5.0 - 9.0 percent of mass 174 
greater than 95.0 percent but less than 101.0 
percent of mass 174 
5.0 - 9.0 percent of mass 176 
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2. Calibration of GC-MS System 

2.1 Initial Standard Calibration 

Calibrate the GC-MS system at a minimum of three concentrations to 
determine the linearity of response using TCL compound standards 
before the analysis of samples and required blanks, and after the· 
tuning criteria have been met. 

Prepare calibration standards (using 50 ~g/ml HSL mix and 50 
~g/ml Purgeables ABC mix) to yield the following specific 
concentrations: 5, 10, and 20 ~g/l. Include surrogates and 
internal standards at 10 ~g/l with each of the calibration 
standards. -

Analyze each calibration standard and tabulate the area of the 
primary characteristic ion against concentration for each compound 
including all required surrogate compounds. The relative retention 
time (RRT) of each compound in each calibration run must agree within 
0.06 RRT units. 

Use Table 2 and Equation 1 to calculate the relative response factors 
(RRF) for each compound at each concentration level. 

Equation 1 

RRF = --- x 

Where: 

Area of the characteristic ion for the compound to be measured 
Area of the characteristic ion for the specific internal 
standards from Table 2 (attachments) 
Concentration of the internal standard (ng/~L) 
Concentration of the compound to be measured (ng/~L) 

Use Equation 2 and the relative response factors (RRF) from the initial 
calibration to calculate the percent relative standard deviation 
(% RSO) for the calibration compounds. 

Equation 2 

%RSO = SO X 100 
X 

Where: 

RSO = Relative standard deviation. 

SO = Standard deviation of initial relative response factors 
f,..,... ..... •· ...__ ~ "' I •. ,..f •. 
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N 
Where: SO • lli--=-.!1.2 

i=l N-1 
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x • Mean of initial relative response factors (per compound) 

All RF must be above 0.05 except 2-Butanone. 

The initial calibration is valid 
calibration compounds are <401. 
(methylene chloride and acetone) 
than 401 RSD. 

only after the percent RSD for 
Common laboratory solvents 
are known to bias the results to more ~ 

Table 2 

Volatile Internal Standards with Corresponding 
TCL Analytes Assigned for Quantitation 

Bromochloromethane 

Chloroethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,1-0ichloroethene 
1,1-Dichloroethane 
1,2-Dichloroethene 

(total) 
Chloroform 
1,2-Dichloroethane 
1,2-0ichloroethane-d4 

( surr) 

1,4-Difluorobenzene 

2-Butanone 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
Bromoform 

(surr) = Surrogate compound 

Chlorobenzene-ds 

2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethene 
1,1,2,2-TetrachloroethanP 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Xylene (total) 
Bromofluorobenzene 

(surr) 
Toluene-de (surr) 
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A calibration standard(s) containing all volatile TCL compounds, 
inc_luding all required surrogates must be analyzed every 12 hours 
during analysis. (The concentration for each TCL compound is 
10 ~g/L). Compare the relative response factor data taken from the 
standards each twelve hours with the average relative response factor 
from the initial calibration for a specific instrument. 

Use Equation 4 to calculate the percentage difference (I difference) 
for all compounds and check the validity of the initial calibration. 

S Difference 

Where: 

Equation 4 

= RRFi - RRFc x 1oo 
RRF; 

RRFt = Average relative response factor from initial 
calibration 

RRFc = Relative response factor from current 
calibration check standard 

If the percentage difference is less than. or equal to. 25.0S, assume 
r.·, that the initial calibration is valid. If the criteria are not met, 
'0 take corrective action. This may involve rerunning the initial 

three-point curve. 

3. Evaluate the internal standard responses and retention times in all 
samples immediately after, or during. data acquisition. If the retention 
time fo,·· any internal standard changes by more than JO seconds; inspect 
the chromatographic system for malfunctions and make corrections. 
Monitor the area of the extracted ton current profile (EICP) of the 
internal standards and evaluate the EICP for each sample, blank, matrix 
spike, and matrix spike duplicate. If the EICP for any of the internal 
standard changes from the latest calibration check standard. by more than 
a factor of two (-50S to lOOS), inspect the mass spectrometer for 
malfunction, and make corrections. 

4. Method Blank Analysis 

·Analyze the method blank (consists of reagent water) once for each 
12-hour period. Ensure that the method blank volume is approximately 
equal to the sample volume being processed. Demonstrate that the method 
blank is free of contamination. 
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Perform surrogate recovery determinations on all samples and blanks. Add 
the surrogate compound to each sample, matrix spike, matrix-spiked 
duplicate, and blank. Use the amount of the surrogate standard and the 
acceptable percentage recovery limits that are listed in Table 3. 

Acceptable surrogate recovery limits are 1n Table 3. In the case of 
highly concentrated or •dirty• samples, the recovery limits may not be 
applicable. ~ake a professional judgment is to whether the sample is to 
be reanalyzed to demonstrate a matrix problem. Check the GC-MS system by 
analyzing a method blank. 

Compounds 

Toluene-de 

4-Bromof 1 uorobenzene. 

1,2-d1chloroethane-d4 

Table 3 

Surrogate Spike Compounds, 
Concentrations and Recovery Limits 

Concentration 
(ppb) 

10 

10 

10 

6. Matrix Spike/Matrix Spike Duplicate Analysis 

Percentage 
of Recovery 

80 - 120 

80 - 120 

76 - 120 

In order to evaluate the matrix effect of the sample on the analytical 
methodology and provide both precision and accuracy information, a matrix 
spike and matrix spike duplicate (MS/MSD) analysis is performed with each 
set of 20 samples. Spiking is performed at a level of 10 pg/L, using a 
mixture of the following compounds: 

o Benzene 

o Toluene 

o Trichloroethene 

o Chlorobenzene 

o 1,1-Dichloroethene 
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Calculate the individual component recoveries of the matrix spikes using 
Equation 5. 

Equation 5 

SSR - SR 
Matrix Spike Percent Recovery = -------- x 100 

SA 

Where: 

SSR = Spike sample results 
SR = Sample results 
SA = Spike added from spiking mix 

Calculate the relative percentage difference (RPO) for each component 
using Equation 6. 

Equation 6 

01 - 02 
RPO z ----------- x 100 co, + 02)/2 

Where: 

Fraction 

VOA 

VOA 

VOA 

VOA 

VOA 

RPO = Relative percentage difference 
o, • First sample value 
02 = Second sample value (duplicate) 

Table 4 
Matrix Spike Recovery Limits 

Matrix Spike Compound 

Benzene 

Toluene 

Trichloroethene 

Chlorobenzene 

1,1-0ichloroethene 

Control Limit* 

66-142 

16-125 

11-120 

15-130 

61-145 

* These limits are for advisory purposes only. They are not to be used 
to determine if a sample should be re-analyzed. 
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APPARATUS: 

Sample Containers 

o Vials, 40 ml, screw-cap vials with PTFE-faced silicone septum seals. 

Purge and Trap System (Tekmar LSC-2 or equiavlane) 

0 Purging device, all-glass, capable of accepting 25~L samples with a 
water column of at least 5 em deep, and with a glass fr1t (3-cm diameter 
at origin). Wash vials and seals with detergent, rinse with tap water 
and then distilled water, dry at 1os•c, and then allow to cool 1n an area 
free of organic vapors. '-' 

o Volatile trap, at least 25 em long, with an inside diameter of at least 
0.105 inches. The trap requires two phases: tenax and silica gel. 
Before daily use, condition the trap for 10 minutes at 22o•c and back 
flood with an inert gas flow of at least 20 ml/minute Vent the trap 
effluent to the room through a charcoal trap. 

o Desorber, capable of rapidly preheating the trap to 180•c, and then 
desorbing the trap to the GC column, and maintaining a trap temperature 
of 18o•c. 

GC-MS System 

0 

0 

0 

Gas chromatograph, Hewlett-Packard 5993 or equivalent, must be capable of 
temperature programming and achieving an initial column temperature of 
30° to 45•c. Use variable constant differential-flow controllers capable 
of maintaining constant flow rates throughout the desorbtion and ·~ 
temperature program. 

Gas chromatography column, 8 ft x 1/8 0.0. glass column, packed with 1% 
SP-1000 on Carbopack 8 (60/80 mesh). or equivalent. 

Mass spectrometer, Finnigan 5100 or equivalent, capable of scanning from 
20 to 260 amu every 7 s or less, using 70 V (nominal) of electron energy 
in the electron impact ionization mode, and producing a mass spectrum 
that meets all the criteria in Table 3 (attachments) when 50 ng of 
4-bromofluorobenzene (BFB) is injected through the GC inlet. 

o GC-MS interface, constructed of all-glass or glass-lined materials. 
Glass is deactivated by silanizing with dichloro- dimethylsilane. 

Data System 

o Computer system, interfaced to the mass spectrometer, allows continuous 
acquisition and storage of on machine-readable media of all mass spectra 
obtained through the duration of the chromatographic program. Use a 
computer with software that can search for any GC-MS data file for 
specific m/z (masses) and plot such m/z abundance versus time or scan 
number. Software must also be able to integrate the abundance, between 

·-'· ""'" ,~_:.•. 
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Syringe and Syringe Valves 

0 
0 
0 

Syringes, 5- and 25-ml glass hypodermic with luerlock tip (two each) 
Micro syringes, 25 and 100 pl 
Gas syringes, 1.0 and 5.0 ml gas tight, with shut off valve 

Miscellaneous 

0 
0 

Standard storage containers. 3.7-ml screw-cap amber vials 
Mini-inert valves, screw cap. 

REAGENTS: 

o Reagent water, producing less than a 0.4-pg/l response for the 
compounds being monitored, except those compounds recognized as common 
laboratory solvents (methylene chloride, acetone, 2-butanone, toluene). 

0 Methanol, demonstrated to be free of analytes (Spike 100 pl into 25 ml 
of reagent water and analyze. This produces a response of less than 
0.4 pg/L.) 

Stock Standards 

0 Prepare the working standard for the HSL mix separately, or add to the 
purgeables {A, 8, or C) working standards. It is convenient to prepare 
them separately because the purgeables working standards must be replaced 
more frequently than the HSL mix. 

Preparation of a 50 pg/ml HSL Mix 

The solution provided from Supelco has 2 mg/ml of each compound. Place 
approximately 9 ml of methanol in a 10-ml volumetric flask. Using a 500 pl 
gas tight syringe, add exactly 250 ~L of Supelco HSL Standard Mix to the 
volumetric flask. Ensure that the drops fall directly into the alcohol· 
without touching the side of the flask. Dilute the flask to volume with 
methanol, stopper and invert three times. This yields a solution with each 
compound at 500 pg/ml. Store at o•c. This standard should be replaced 
monthly. 

Preparation of a 50 pg/ml Purgeables A, 8, and C 

Mixtures A, 8, and C contain a different group of compounds. All are at 
200 pg/ml. Place Purgeables C (the gases) in dry ice for 10 minutes. Using 
a 500-pl gas-tight syringe, add 250 pl each of methanol, Purgeables A, 
Purgeables 8 and Purgeables C to a milliliter micro-reaction vessel equipped 
with a mini-inert valve closure. Store the vial at o·~. Replace Purgeables 
A, 8, and C standards weekly to maintain proper concentration of the gases. 
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Supelco Purgeables Internal Standard Mix-624 provides the desired compounds in 
methanol at 1,000 ~g/ml. Place approximately 9 ml methanol in a 10-ml 
volumetric flask. Using a 500-pl gas-tight syringe, add exactly 500 pl of 
the internal standard mix to the methanol. Ensure that the drops fall 
directly into the alcohol without touching the sides of the flask. Dilute 
volume with methanol, stopper, and invert three times. Store at o•c . 

. ~ Preparation of a 25 pg/ml Surrogates Standard Mix 

Supelco Purgeables Surrogate Standard Mix provides the desired compounds in 
methanol at 250 pg/ml. Place approximately 8 ml methanol in a 10-ml '-' 
volumetric flask. Using a 500- or 1,000-pl gas-tight syringe, add exactly 
1.0 ml of surrogate standard mix to the methanol using the technique described 
previously. Dilute to volume with methanol, stopper, and invert three times. 
Store at o•c. 

Sample Spiking or Matrix Spike Standard 

o Matrix spike solution, containing the five compounds listed in Table 2 
(Attachment 8). No mix is commercially available that has only these 
compounds. Prepare the stock standard from neat. 

Preparation of a Matrix Spike Stock Standard (2 mg/ml) 

Place approximately 24 ml methanol in a 25-ml volumetric flask. Allow flask, 
allow to stand unstoppered for 10 minutes, or until all alcohol-wetted 
surfaces have dried and tare. Using a 100-pl syringe, add 50 mg of the 
first compound; ensure that all of the drops fall directly into the alcohol ~ 
without touching the flask neck. Re-tare the flask, and add 50 mg of the next 
compound. Repeat the process until all of the compounds have been added. 
Dilute to volume with methanol, stopper, and invert three times. Transfer 
contents to appropriate storage containers with no headspace and store at o•c. 
Preparation of a Matrix Spike Working Standard (50 pg/ml) 

Place approximately 9 ml of methanol in a 10-mL volumetric flask. Using a 
500-pL gas-tight syringe, add 250 pL of the 2.0 mg/ml stock solution to 
the flask using the technique described previously. Dilute to volume with 
methanol, stopper, and invert three times. Store at o•c. 
SAMPLE COLLECTION, PRESERVATION, AND STORAGE: 

Sample Collection 

o Include trip blanks with each sample set (composed of the samples 
collected from the same general sampling site at approximately the same 
time). Fill at least of two sample bottles with reagent water and seal 
at the laboratory, and then ship these to the sampling site along with 
the empty sample bottles. Whenever a set of samples is shipped and 
stored, it is accompanied by trip blanks. 
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Collect one field blank sample, which is composed of deionized laboratory 
water per group of 20 or fewer samples. Prepare this blank in the field 
as follows: Allow deionized laboratory water to contact the sampling 
equipment and then pour it into the sampling vial. Ensure that no air 
bubbles are trapped in the field blank sample when the vial 1s sealed . 

Collect all samples in duplicate (triplicate when high levels requiring 
screening and dilution are suspected). Fill sample bottles to 
overflowing. Ensure that no air bubbles pass through the sample as the 
bottle is filled, or become trapped in the sample when the bottle is 
sealed. 

When sampling from a water tap, open the tap and allow the system to 
flush until the water temperature has stabilized (usually about 
10 minutes). Adjust the flow to above 500 ml/minute and collect 
duplicate samples from the stream. 

o When sampling from an open body of water, fill a 1-qt wide-mouth bottle 
or 1-l breaker with sample from a representative area, and carefully fill 
duplicate sample bottles from the 1-qt container. 

Sample Preservation 

0 

0 

Chill the samples to 4•c on the da'/ of ,:ollection and maintain them at 
that temperature until analysis. Package the field samples that are not 
received at the laboratory on the day of collection for shipment with 
sufficient ice to ensure that they are at 4•c on arrival at the 
1 a bora tory. 

Analyze all samples within 10 days of sample receipt or within 14 days of 
sample collection. 

SAMPLE ANALYSIS: 

1. Quality Control Requirements 

Analyze the samples after the initial quality assurance activities are 
successfully completed. Twelve hours after the completion of the initial 
tuning, conduct an instrument tuning and calibration-check analysis. Any 
major system maintenance, such as a source cleaning or installation of a 
new column, requires re-tuning and recalibration, irrespective of the 
12-hour requirement (see Initial Calibration). Only the calibration 
verification is done for minor maintenance (Continuing Calibration). 

1.1 For highly concentrated or •dirty" samples, the EICP area for any 
internal standard may change by more than a factor of two. Make a 
professional judgment as to whether the sample is to be reanalyzed 
to demonstrate a matrix problem. Check the GC-MS system by 
analyzing a method blank. 
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1.2 Check each analytical run for saturation. The level at which an 
1nd1v1d.ual compound will saturate the detection system 1s a 
function of the overall system sensitivity and the mass spectral 
characteristics of that compound. 

1.3 If any compound in any sample exceeds the initial calibration 
range, dilute that sample. Re-adjust the internal standard 
concentration and reanalyze the sample. 

PROCEDURE: 

1. Upon receipt, samples should be stored at 4•c. 

2. Sample Analysis 

All standards, blanks, and samples should be analyzed in the following 
fashion: 

2.1 Purging 

2.1.1 Set up the purge and trap system. Adjust the purge gas 
(helium) flow rate to 40 ml/minute. 

2.1.2 Allow the sample to come to ambient temperature before 
injecting it into the syringe. 

2.1.3 Remove the plunger from a 25~l syringe and attach a closed 
syringe valve to it. 

2.1.4 Open the sample bottle (or standard) and carefully pour the ··.....__/ 
sample into the syringe barrel to just short of overflowing. 

l. 1.S Replace the syringe plunge and compress the sample. 

2.1.6 Hold the syringe in an upright position with the syringe 
valve set on top of the syringe. Open the syringe valve, 
vent any residual air and adjust the sample volume to 25 ml. 

2.1.7 Because this process of taking an aliquot destroys the 
validity of the sample for future analysis, fill a second 
syringe at this time to protect against possible loss of data. 

2.1.8 Add 10 ~1 of the surrogate spiking solution (25 ng/~1) 
and 5 ~1 of the internal standard spiking solution (50 
ng/~1) through the valve bore and then close the valve. 

2.1.9 Attach the syringe-syringe valve assembly to the syringe 
valve on the purgin~ device. 
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2.1.10 Open the syringe valves and inject the sample into the 
purging chamber. Close both valves. 

2.1.11 Purge the sample for 11.0 ±Q.l minutes at ambient temperature. 

2.1.12 After the 11,.inute purge. attach the trap to the 
chromatograph and adjust the purge and trap system to the 
desorb mode. 

2.2. Gas Chromatography-Mass Spectrometry Analysis 

2.2.1 Set up the 6C-MS operating parameters. 

Carrier gas flow rate: 40 ml/minute 
Injector temperature: 220•c 
Oven temperature: Hold at 45°C for 3 minutes and then heat 

to 22o•c at a•ctminute. Hold at 2oo•c 
until the programmed run time expires. 

Transfer line temperature: 22s•c 
Ion source temperature: 20o•c 
Scan range: 35-250 amu 
Electron energy: 70 V 
Scan Time: To give at least 5 scans per peak but not to 

exceed 1 seconds per peak. 

2.2.2 Introduce the t.rapped materials to the 6C column by rapidly 
heating the trap to l&o•c while back flooding the trap with 
an inert gas between 20 and 60 ml/minute for 4 minutes. If 
rapid heating of the trap cannot be achieved, use the 6C 
column as a second trap by cooling it to Jo•c nr subambient 
temperature (cryogenic trapping) if the problem persists, 
instead of the 1n1tia1 program temperature of 4s•c. 

2.2.3 As the trap is being desorbed into the gas chromatograph, 
empty the purging chamber using the sample introduction 
syringe. Wash the chamber with two 25~l flushes of reagent 
water. 

2.2.4 After desorbing the sample from the trap for 4 minutes. 
recondition the trap by returning the purge and trap system 
to the purge mode. Wait 15 seconds, and then close the 
syringe valve on the purging device to begin gas flow through 
the trap. Maintain the trap temperature at l&o•c. After 
1 minutes, turn off the trap heater and open the syringe 
valve to stop the gas flow through the trap. When the trap 
is cool, the next sample can be analyzed. 

2.2.5 If the response for any m/z exceeds the working range of the 
system, prepare dilution of the sample with reagent water 
from the aliquot in the second syringe and reanalyze. 
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3.1 Achieve acceptable abundance criteria (see Table 4) for BFB at the 
beginning of each day that analyses are performed. This test must be 
passed prior to analysis of any standards, blanks, or samples. 

3.2 Upon achieving the key abundance criteria for BFB, calibrate the 
instrument as described in the Quality Assurance section, paragraph 2. 

3.3 After the instrumental calibration requirements are met, analyze a 
method blank (25 ml aliquot of reagent water plus 250 ng each 
internal standards mix and surrogate standards mix) to demonstrate 
that the instrument is free of contamination. 

3.4 Proceed with sample analysis. 

4. Qualitative Identification 

4.1 Obtain EICPs for the primary m/z (Table 5, attachments) and at least 
two secondary masses for each parameter of interest. The following 
criteria must be met: 

4.2 Ensure that the characteristic masses of each parameter of interest 
is maximized in the same, or within one, scan of each other. 

4.3 Ensure that the relative retention time fall within +.06 units of the 
relative retention time of the standard component. -

4.4 Ensure that the relative peak heights of the three characteristic 
masses 1;, ":he EICPs fall within ±20S of the relative intensity of 
these masses in a reference mass spectrum. 

4.5 A library search shall be executed for non-TCL sample components for 
the purpose of tentative identification. For this purpose, the 19B5 
release of the National Bureau of Standards Mass Spectral Library (or 
a more recent release), containing 42,261 spectra, shall be used. 

4.6 Up to 10 nonsurrogate organic compounds of greatest apparent 
concentration not listed as target volatile compounds shall be 
tentatively identified via a forward search of the NBS mass spectral 
library. (Substances with responses less than lOS of the nearest 
internal standard are not searched in this fashion.) Only after 
visual comparison of sample spectra with the nearest library searches 
will the mass spectral interpretation specialist assign a tentative 
identification. NOTE: Computer-generated library search routines 
must not use normalization routines that would misrepresent the 
library or unknown spectra when compared to each other. 
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4.7.1 Relative intensities of major ions in the reference spectrum 
(ions greater than lOS of the most abundant ion) should be 
present in the sample spectrum. 

4.7.2 The relative intensities of the major ions should agree 
within ±20S. (Example: For an ion with an abundance of 50S 
1n the standard spectra, the corresponding sample ion 
abundance must be between 30 and 70S.) 

4.7.3 Molecular ions present in reference spectrum should be 
present in sample spectrum. 

4.7.4 Ions present in the sample spectrum but not in the reference 
spectrum should be reviewed for possible background 
contamination or presence of co-eluting compounds. 

4.7.5 Ions present in the reference spectum but not in the sample 
spectrum should be reviewed for possible subtraction from the 
sample spectrum because of background contamination or 
co-eluting compounds. NOTE: Data system library reduction 
programs can sometimes create these discrepancies. 

4.8 If in the technical judgment of the mass spectral interpretation 
specialist no valid tentative identification can be made, the 
compound should be reported as unknown. The mass spectral specialist 
should give additional classification of the unknown compound, if 
possible (i.e., unknown phthalate, unknown hydrocarbon, unknown acid 
type, unkr._·•n chlorinated compound). If probable molecular weig~ts 
can be distinguished, include them. 

5. Quantitation 

5.1 When a parameter has been identified, the quantitation of that 
parameter is based on the integrated abundance from the EICPs of the 
primary characteristic m/z given in Table 5. 

5.2 Equation 7 is used to calculate the concentration in the sample using 
the response factor (RF) determined in Calibration of GC-MS System 
section. 

Equation 7 

Concentration (pg/l) = -As~is­
Ais X RF 



e. The automatic run mode will only analysis the distinct samples. 
If more than 66 samples and standards are to be run, add them at 
the end of the run and depress •previous Sample• key for each 
sample. Since the sample labels cannot be changed, leave the 
last few labels blank on the sample labels page, and write them 
in when the run is completed. 

f. Press •stop• key to pause or end the analysis. 

11. Non-automatic Run 

Note: A modified or newly developed program can be run in this 
mode, as well as a pre-existing program. 

a. Set up instrument according to previous instruction. Note that 
the sample labels and report format cannot be printed in this 
mode. 

b. Advance to •standards• screen by use of soft key on optimization 
screen or through the • i ndex•·. 

c. Aspirate standards/samples and press •Read• key as in the 
automatic run. 

d. This mode is not limited to the samples. As no labels are 
printed (Sample I only). These must be written onto the 
printout by hand. 

12. Instrument Shut Down 

a. Turn off flame (•flame Off• key). 

b. turn off all gases. 

c. Recall program 110 or I (Emission programs), so that no lamp is 
turned on unnecessarily when the instrument is not turned on. 

d. Turn off printer. 

e. Tu~n off instrument. 

[INORGSOP] SPECTR20-S 
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ALUMINUM - VARIAN 20 

Method: AA - Flame: Direct Aspiration 

Reference: EPA 1984, Method 202.1 

----- --------

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract laboratory Program, •statement of Work•. 

Detection Limit: 0.20 mg/L 

Optimum Concentration Range: 0.20 - 50.0 mg/l 

Samole Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

"--' Instrument Conditions: 

1. Aluminum hollow cathode lamp with energy set at 25. 

2. Wavelength: 309.3 nm 

3. Slit Width: 0.5 

4. Fuel: Acetylen~ 

5. Oxidant: Nitrous oxide 

6. Type of flame: Red 

,-,, 7. Standards to use for curve set-up: 5.00, 10.0, 20.0, 50.0 mg/L. 
( . j 

~- Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 
'-· 1. Standard Aluminum Solution 000 .n1/L Aluminum): Pipet 10 Ill of the 

1000 ppm stock aluminum solution nto a 100 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

[INORGSOP] 

Concentration 
of Standard 

5.00 mg/L 
10.0 mg/L 
20.0 mg/L 
50.0 mg/L 

Volume of 
Aluminum Standard 

0.5 ml of 1000 mg/L Al 
1.0 ml of 1000 mg/L Al 
2.0 ml of 1000 mg/L Al 
5.0 ml of 1000 mg/L Al 

Alfl20C-1 

Dilute 
to 

100 ml 
100 ml 
100 ml 
100 ml 



3. Potassium Chlyride Solution: In a 1 liter volumetric flask, dissolve 
95g KCL in Mi li-Q water and dilute to the •ark • 

.H2.1el: 
1. Samples must be diluted to obtain concentrations within the optimum 

concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 
; 

4. Aluminum is partially ionized in the nitrous oxide-acetylene flame. 
This groblem can be controlled by the addition of potassium. Add 2 ml 

6.' of 10 0 ppm potassium to 100 ml samples, blanks and standards. 
-~,~ 
~ procedure: For the analysis procedure, refer to the Atomic Absorption 

Spectrometry, "Flame -Direct Aspiration section of this manual. 

If aluminum is to be run in concentration mode,. use the 10.0 and 
50.0 mg/l aluminum standards for standardization and follow the 
procedure for analyzing in concentration mode. 

To 10 ml of samples, blanks and standards, add 0.2 ml KCL 
solution. Mix and analyze. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard fn the absorbance check 
book. The absorbances should remain consistent fro. run to run. If 
not, necessary. troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

2. A quality control calibration standard of 10.0 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is st111 required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard arc to be reanalyzed. Record th~ calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 

[INORGSOP] 
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the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within an acceptable range or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
Alfl20C-3 
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ANTIHQNY - VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 204.2 

•Analytical Methods for Zeeman Graphite Tube Atomizers•, 
Varian, 1986 

Contact laboratory Program, •statements of Work• 

Detection limit: 0.005 mg/l 

Optimum Concentration Range: 0.005 - 0.050 mg/l 

.r-. Instrument Conditions: 
I \:{:.£-} 

.. ~~-.:) 
'-J 

1. Antimony hollow cathode lamp set at 10 mA. 

2. Wavelength: 217.6 nm 

3. Slit Width: 0.2 

4. Mode: Pe·ak Area 

5. HGA Furnace Programmlng: 

lliR I1mp (*Cl l1mt 
1 85 5 
2 95 40 
3 120 10 
4 700 5 
5 700 1 
6 700 2 
7 2000 0.7 
8 2000 2 
9 2000 2 

Sample Volume 20 ul 6. 

7. Matrix Modifier Volume: 5 ul (1~ Nickel Nitrate). 

&u El~ 

ON 
ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
ON 

8. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/l. 

Sample Handling: Acidify with nitric acid to pH <2. Analyze within 6 months. 

[lNORGSOP] 
Sb400C-1 
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Reagent PreParation: 

1. Standard Antimony Solution (1000 uq/L Antimony): Pipet 1.00 ml of the 
1000 ppm stock antimony solution into a 1000 ml volumetric flask, add 
1/2 ml HN03 and dilute to the mark with D.l. water. Prepare fresh 
every 110nth. 

2. Standards (Prepare fresh every week.): 

Concentration Volu.e of 
of Standard AntimonY Standard· 

10.0 ug/l 
20.0 ug/L 
50.0 ug/L 

1 ml of 1000 ug/L Sb 
2 ml of 1000 ug/L Sb 
5 ml of 1000 ug/L Sb 

Dilute 
to 

100 ml 
100 Ill 
100 Ill 

3. Nickel Nitrate 1% Solution: Dissolve 5.0g of nickel nitrate in 100 ml 
of D. I. water. 

fiQ1n: 

1. 

2. 

3. 

4. 

5. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction fs required. 

The use of halide acids should be avoided. 

Nickel nitrate is added as a matrix modifier to control interferences. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace - Direct Injection section of this manual • 

For the use of concentration 110de, use the 20.0 and 50.0 standards 
and follow the procedure for using the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

[INORGSOP] 
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2. A quality control calibration standard of 20.0 ug/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Digest a duglicate and spike; a minimum of 1 out of 10 samples. If 
less than 1 samples are analyzed, a digested duplicate and spike are 
still required. Duplicates are to be averaged. Spike samples with 
standard of twice the concentration of the sample in a 1:1 ratio of 
sample to standards. Spike recoveries and duplicate results are to be 
within an acceptable ranges or the use of dilution, or method of 
standard additions is to be applied to reduce the interferences. 

4. For every sample onalyzed, an analytical spike (at the bench) must be 
run to verify that standard additions are not required. 

S. An EPA reference standard will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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ANTIMONY 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 204.1 

"Analytical Methods for Atomic Absorption SJ,'lectrophotometry". 
1982, Perkin-Elmer Corporation 

Detection lfmft: 0.50 mg/L 

Optimum Concentration Range: 0.50 - 20.0 mg/l 

S11mple Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of pa rti cu late matter and 
organics May be analyzed directly, while wastewaters, 
le~chate~, solids, etc. must be digested prior to analysis 
(refer to appropriate digestion procedures). Analvze 
within 6 months. 

Instru~nt Conditions: 

1. Antimony electrodeless discharge lamp with lamp energy set at 7. 

2. Wavelength: 217.6 nm 

3. Slit Width: 0.2 Normal 

4. Fuel: Acetylene 

5. Oxidar.t: Air 

6. Type of flame: Oxidizing. lean, blue 

7. Standards to use for curve set-up: 2.00, 5.00, 10.0, 20.0 mg/L. 

- '--" Qpagent Preparation: (Pr _,:-'\re fresh every 6 months unless otherwise noted.) 

l. Sta!ldard Antimony Solution (100 mo/l Antimonv): Pipet. lO m! l'lf the 
1000 ppm stock antimony solution into a 100 ml volumetric flask, 
add 1/2 ml HNOJ, and dilute to the mark with M1111-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standard Antimon~ Standard to 

2.00 mg/l 2 ml of 100 mg/l Sb 100 ml 
5.00 mg/L 5 ml of 100 mg/l Sb 100 ml 
10.0 mg/L 10 ml of 100 mg/l Sb 100 ml 
20.0 mg/l 20 ml of 100 mg/l Sb 100 ml 

SbFlC-1 
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1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared fn the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. 

s. 

This flame procedure can be used for digested samples. EP Toxicity 
samples or any other samples where high concentrations of antimony 
are expected and low detection limits are not required. 

lead. in concentrations of >100 mg/L. may interfere. Use an 
alternate wavelength of 231.1 nm in this situation. 

'i:/ffj Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

. l .. __ ..,.. 

If antimony is to be analyzed fn concentration mode, use the 
10.0 and 20.0 stitndards for standardization and follow the 
procedure for analyzing fn the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, neces~ary troubleshooting must be performed 
before continuing (check wavelength, flame head alfgnmP.nt, lamp 
alignment, etc.}. 

2. A quality control calibration standard of 5.00 mg/l is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards ~ust be within acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzP.d. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Ouplfc~te and spfkP a minfmu~ of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twicP. the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
rangP.s or the use of dilution or method of standard a~ditions is 
to be applied to reduce the interferences. 

SbFlC-2 
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Calculations: 

1. Plot concentration vs absorbance on graph. Determ;ne unknowns using 
graph. or 

2. Calculate using linear regression. or 

3. Calculate using concentr~tfon mode. 

[ALM-8-8] SbFlC-3 
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ARSENIC - VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 206.2 

RAnalytical Methods for Zeeman Graphite Tube AtomizersR-Varian, 1986 
Contract Laboratory Program •statement of Work• 

Detection limjt: 0.002 mg/l 

Optimum Concentration Range: 0.002 - 0.050 mg/L 

Sample Handling: Acidify with nitric acid to pH <2. Analyzed within 6 
months. All samples must be digested prior to analysis. 

Instrument Conditions: 

1. Arsenic hollow cathode lamp set at 10 mA. 

2. Wavelength: 193.7 nm 

3. Slit Width: 0.2 

4. Mode: Peak area 

5. HGA Furnace Programming: 

STEP NQ. IEMPERATURE !ll TIME {SEC) 

1 75 5.0 
2 95 50.0 
3 120 10.0 
4 800 10.0 
5 800 10.0 
6 BOO 2.0 
7 2400 0.8 
8 2400 2.0 
9 2400 2.0 

6. Sample Volume 20 ul 

GAS FLQW {l/MINl 

ON 
ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
ON 

7. Matrix modifier volume: 5 ul {0.051 nickel nitrate). 

8. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/l. 

Reagent Preparation: 

1. Standard Arsenic Solution (1000 ug/l Arsenic): Pipet 1.00 ml of the 
1000 ppm stock arsenic solution into a 1000 ml volumetric flask, add 
1/2 ml HN03 and dilute to the mark with deionized water. Prepare fresh 
every month. 

[INORGSOP] 
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2. Standards (Prepare fresh every week.): 

Concentration 
of Standard 

0 ug/L 
10 ug/L 
20 ug/L 
50 ug/L 

Volume of 
Arsenic Standard 

0 ml of 1000 ug/L As 
1 ml of 1000 ug/L As 
2 ml of 1000 ug/L As 
5 •L of 1000 ug/L As 

onute 
to 

100 ml 
100 ml 
100 ml 
100 ml 

3. Nickel gitrate (0.05~1: In a 100 ml volumetric flask dissolve 0.25 g 
of Ni(N 3)2 · 6H20 in 0.1. water and dilute to 100 ml. 

fiQ!n: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. Nickel nitrate is added as a matrix modifier to minimize volatilization 
losses during the drying and charring steps. 

4. The use of background correction is required. 

5. High concentrations of phosphorus interfere with this procedure. The 
gaseous hydride method for arsenic should be used in these cases. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

If Arsenic is to be analyzed in concentration mode, use the 20 and 
50 ug/L arsenic standards an~ the procedures for analyzing in the 
concentration mode. 

-.,., 1 Quality Control: ............ 

1. Establish a standard curve with the standards listed above plus a 
~ blank. Record the absorbance check standard in the absorbance check 

book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshootinV must be performed before continuing 
(check wavelength, furnace al1gnment, lamp a1ignment, graphite tube, 
etc.). 

[INORGSOP] 
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2. A quality control calibration standard of 20 ug/l is to be analyzed, at 
a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. A digested duplicate and spike a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a du~licate and spike are still 
required. Duplicates are to be averaged. Spike samples with standard 
of twice the concentration of the sa.ple in a 1:1 ratio of sample to 
standards. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution, or method of standard additions is to be 
applied to reduce the interferences. · 

4. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph, or 

.. 
2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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BARIUM - VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 208.2 

•Analytical Methods for Zeeman Graphite Tube Atomizers•, 
Varian, 1986 

Contact laboratory Program, •statements of Work• 

Detection limit: 0.005 mg/l 

Optimum Concentration Range: 0.005 - 0.050 mg/l 

Sample Handling: Acidify with nitric acid to pH <2. All samples must be 
digested prior to analysis (refer to appropriate digestion 
procedures). Analyze within 6 months. 

ln~trument Conditign~: 

1. Barium hollow cathode lamp set at 20 mA. 

2. Wavelength: 553.6 nm 

3. Slit Width: 0.5 

4. Mode: Peak Area 

5. HGA Furnace Programming: 

lliR * Temp C Cl ~ Ga~ Flow 

1 85 5 ON 
2 95 40 ON 
3 120 10 ON 
4 1000 5 ON 
5 1000 1 ON 
6 1000 2 OFF 
7 2600 2.3 OFF 
8 2600 2 OFF 
9 2600 2 ON 

6. Sample Volume: 20 ul 

7. Standards to use for curve set-up: 10.0; 20.0; 50.0 ug/l. 

8. Pyrolytic tubes must be used. 

[INORGSOP] 
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Reagent PreParation: 

1. Standard Barium Solution (1000 ug/L Barium): Pipet 1.00 ml of the 1000 
ppm stock barium solution into a 1000 ml volumetric flask, add 1/2 ml 
HN03, and dilute to the mark with 0.1. water. Prepare fresh every 
110nth. 

! 2. Standards (Prepare fresh every week.): 
• 

Concentration 
of Standard 

0 ug/L 
10.0 ug/L 
20.0 ug/l 
50.0 ug/l 

Volume of 
Barjum Standard 

0 ml of 1000 ug/L Ba 
1 ml of 1000 ug/L Ba 
2 ml of 1000 ug/l Ba 
5 ml of 1000 ug/l Ba 

Dilute 
to 

100 Ill 
100 Ill 
100 Ill 
100 ml 

'.r.-:.. ... ~: 
~ 

· 1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

.. 
2. Standards are to be prepared in the same acid concentrations as the 

samples being analyzed. 

3. The use of halide acids should be avoided. 

4. The alignment of the furnace is very critical, stray light can be a 
major interference. 

5. The barium flame procedure is recommended where concentrations of 
greater than 1.0 mg/l are expected. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

If barium is to be run in concentration mode, use the 20.0 and 
50.0 standards and follow the procedures for analyzing in the 
concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshootin~ must be performed before continuing 

. (check wavelength, furnace al1gnment, lamp alignment, graphite tube, 
etc.). 

[INORGSOP] 
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2. A quality control calibration standard of 20.0 ug/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run 1s to be the calibration standard. These 
standards must be within the acceptable ranges or the samples run 
after the last acceptable calibration standard are to be reanalyzed. 
Record the calibration standard in the quality control book. The 
confidence limits are noted in the quality control book. 

3. A digested duplicate and spike a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a digested duplicate and spike are 
still required. Duplicates are to be averaged. Spike samples with a 
standard of twice the concentration of the sample in a 1:1 ratio of 
sample to standards. Spike recoveries and duplicates are to be within 
acceptable ranges or the use of dilution, or method of standard 
additions is to be applied to reduce the interferences. 

4. For every samp1e analyzed, an analytical spike (at the bench) must be 
run to verify tha~ standard additions are not required. 

5. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression. 

3. Calculate using the concentration mode. 

[INORGSOP] 
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BARIUM - VARIAN 20 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1984, Method 208.1 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979. 

Contract Laboratory Program, •statement of Work•. 

Detection limit: 0.20 mg/l 

Optimum Concentration Range: 0.20 - 10.0 mg/l 

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze with1n 6 months. 

Instrument Conditions: 

1. Barium hollow cathode lamp with lamp energy set at 25. 

2. Wavelength 

3. SHt width: 

4. Fuel: Acetylene 

553.6 nm 

0.5 

5. Oxidant: Nitrous oxide 

6. Type of flame: Red 

7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/l. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard barium solution (100 mg/L Barium): Pipet 10 ml of the 1000 
ppm stock barium solution into a 100 ml volumetric flask, add I ml 
HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every 2 months.): 

Concentration Volume of Dilute 
of Standard Barium Standard 12 

1.00 mg/l 1 ml of 100 mg/l Ba 100 ml 
2.00 mg/l 2 ml of 100 mg/l Ba 100 ml 
5.00 mg/L 5 ml of 100 mg/l Ba 100 ml 
10.0 mg/l 10 ml of 100 mg/l Ba 100 ml 

[INORGSOP] 
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Notes: 

1. 

2. 

3. 

-----------

Potassium chloride solution: In a 1 liter volumetric flask, dissolve 
95g KCl in Milli-Q water and dilute to the mark. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

Barium is easily ionized in the nitrous oxide-acetylene flame. This 
can be controlled by the addition of potassium. Add 2 ml of 1000 ppm 
potassium to 100 ml sample and standards. 

4. High calcium can cause an extremely noisy signal and high false 
positive values. 

5. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

Potassium chloride solution is added as a matrix modifier to the 
samples and standards at a ratio of 0.2 ml KCl to 10 ml of sample 
or standard. · 

If barium is to be run in concentration mode, use the 5.00 and 
10.0 standards and follow the procedure for analyzing in the 
concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.) 

2. A quality control calibration standard of 5.00 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within acceptable ranges or the samples run after 
the last acceptable check standard are to be reanalyzed. Record the 
calibration standards in the quality control book. The confidence 
limits are noted in the quality control book. 

[ INORGSOP] 
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3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied 
to reduce the interferences. . 

Calculations: 

1. Plot concentration vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[INORGSOP] 
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BERYLLIVH-VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 210.2 

•Analytical Methods for Zeeman Graphite Tube Atomizers•, 
Varian, 1986 

Contact Laboratory Program, •statements of Work• 

Detection limit: 0.0002 mg/l 

Optimum Concentration Range: 0.0002 - 0.0020 mg/L 

Instrument Conditions: 

1. Beryllium hollow cathode lamp set at 5 mA. 

2. Wavelength: 234.9 nm 

3. Slit Width: 1.0 nm 

4. Mode: Peak area 

5. HGA Furnace Programming: 

.me TEMP C*Cl liME GAS FLOW 

1 85 5 ON 
2 95 40 ON 
3 120 10 ON 
4 1000 5 ON 
5 1000 10 ON 
6 1000 2 OFF 
7 2300 0.7 OFF 
8 2300 2 OFF 
9 2300 2 ON 

6. Sample Volume: 20 ul 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00 ug/L. 

Sample Handling: Acidify with nitric acid to pH <2. Analyze within 6 months. 

Reagent Preparation: 

I. 

Prepare fresh every month. 

[V-ISOP] 
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2. Standards (Prepare fresh every week.): 

H2ill: 

Concentration Volume of 
of Standard Bervllium Standard 

0.50 ug/l 
1.00 ug/L 
2.00 ug/L 

0.5 ml of 1000 ug/L Be 
0.5 ml of 1000 ug/L Be 
1 ml of 1000 ug/L Be 

Dilute 
to 

1000 ml 
500 ml 
500 ml 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples are being analyzed. 

3. The use of background correction is required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

For using concentration modei use the 1.00 and 2.00 standard and 
follow the procedure for ana yzing in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above 
plus a blank. Record the absorbance check standard in the 
absorbance check book. The absorbance~ should remain 
consistent from run to run. If not, necessary troubleshooting 
must be performed before continuing (check wavelength, furnace 
alignment, lamp alignment, graphite tube etc.). 

2. A quality control calibration standard of 2.00 ug/1 is to be 
analyzed, at a minimum, after every 10 samples. If less than 
10 samples are analyzed, a calibration standard is still 
required. The last sample analyzed in the rum is to be the 
calibration standard. These standards must be within 
acceptable ranges or the samples run after the last acceptable 
calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Digest a duplicate and sgike; a minimum of 1 out of 10 
samples. If less than 1 samples are analyzed, a digested 
duplicate and spike are still required. Duplicates are to be 
averaged. Spike samples with a standard of twice the 

[V-ISOP] 
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concentration of the sample in a 1:1 ratio of sample to 
standards. Spike recoveries and duplicate results are to be 
within acceptable ranges or the use of dilut1on1 or method of 
standard additions is to be applied to reduce tne 
interferences. · 

4. For every sample analyzed,· an analytical spike (at the bench) 
must be run to verify that standard additions are not 
required. . 

5. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[V-I SOP] 
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Calculations: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression. 

3. C~lculate using the concentration mode. 
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CADMIUM - VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 213.2 

•Analytical Methods for Zeeman Graphite Tube Atomizers•, 
Varian, 1986 

Contact Laboratory Program, •statements of Work" 

Detection Limit: 0.0002 mg/L 
' ,r--, 1 ··¥:J Optimum Concentration Range: 0.0002 - 0.0040 mg/L 

-:~ 

·~ ' ~ 

J 

"---"" 

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze with1n 6 months. 

Instryment Conditions: 

1. Cadmium hollow cathode lamp set at 4 mA. 

2. Wavelength: 228.8 nm 

3. Slit Width: 0.5 

4. Mode: Peak area 

5. Furnace Operating Conditions: 

Step * Temp ( Cl Time Gas flo~ 

1 85 5 ON 
2 95 40 ON 
3 120 10 Ot! 
4 350 5 ON 
5 350 1 ON 
6 350 2 OFF 
7 1800 0.8 OFF 
8 1800 2 OFF 
9 1800 2 ON 

6. Sample Volume: 20 uL 

7. Matrix Modifier Volume: 5 uL {Monobasic ammonium phosphate) 

[INORGSOP] 
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8. Standards to use for curve set-up: 0.50, 1.00, 2.00 ug/L 

9. Pyrolytic tubes must be used. 

Reagent Preoaration: 

1. Standard Cadmium Solution (1000 ug/L Cadmium): Pipet 1.00 ml of the 
1000 ppm stock cadmium solution into a 1000 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with 0.1. water. Prepare fresh 
every month. . 

2. Working Cadmium Solution CJOO ug/l Cadmium): Pipet 10 11L of the 
1000 ug/L cadmium into a 100 ml volumetric flask and dilute to the mark 
with 0.1. water. Prepare fresh every month. 

3. Standards (Prepare fresh every week.): 

Concentration Volume of 
of Standard Cadmium Standard 

0.50 ug/L 
1.00 ug/l 
2.00 ug/L 

0.5 •L of 100 ug/L Cd 
1 al of 100 ug/L Cd 
2 ml of 100 ug/l Cd 

Dilute 
to 

100 ml 
100 ml 
100 ml 

4. Monobasic Ammonium Phosphate Solution (5000 mq/l): Add 0.5 g of 
amonium phosphate (monobasic) to a 100 ml volumetric flask. Dissolve 
in 0.1. water and dilute to volume. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. The cadmium flame procedure is recommended where concentrations of 
greater than 0.10 mg/L are expected. 

5. Ammonium phosphate is added as a matrix modifer to improve peak shape 
and allow higher ashing temperatures. 

[INORGSOP] 
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Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

Use of peak area is required. 

If cadmium is to be analyzed in concentration mode, use the 1.00 
and 2.00 ug/L cadmium standards and follow the procedures for 
analyzing in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
{check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

2. A quality control calibration standard of 2.00 ug/L 1s to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within the acceptable ranges of the ·samples run 
after the last acceptable calibration standard are to be reanalyzed. 
Record the calibration standard in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of matrix modifiers dilution, or method of standard additions 
is to be applied to reduce the interferences. 

4. For every sample analyzed. an analytical spike {at the bench) must be 
run to verify that standar·d add it ions are not required. 

5. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. peak area on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[INORGSOP] 
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CADMIUM 

Method: AA - Flame; Direct Aspiration 

Ref~rence: EPA 1983. Method 213.1 

"Analytical Methods for Atomic Absorption Spectrophotometry". 
1982, Perkin-Elmer Corporation 

Oetection limit: 0.01 mg/L 

Optii!'Um Concentration Range: 0.01 - 1·.00 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Orinkfng waters and 
filtered qroundwater free of particulate matter and organics 
may be analyzed directly. while wastewaters. leachates, 
solids. etc. must be dfqested prior to analysis (refer to 
appropriat~ digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. C~dmium hollow. cathode lamp with lamp energy set at 4. 

2. Wavelength: .228.8 n~ 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidhing, lean, blue 

' ~~ 1. Standards to use for curve set-up: 0.10, 0.20, 0.50, 1.00 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 
I . 

1. Stand~rd Cadmium Solution (10.0 mg/L Cadmium): Pipet 1 mL of the 
lOOO ppm stock cadmium soiution fnto a 100 ml volumetric flask, 
add 1/2 nt. HN03 and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Con centra ti on Volume of Dilute 
of Standard Cadmium Standard to 

0.10 mq/l 1 mL of 10.0 mg/l Cd 100 nt. 
0.20 mg/l 2 ml of 10.0 mg/l Cd 100 nt. 
0.50 mg/l 5 ml of 10.0 mg/l Cd 100 ml 
1.00 mg/l 10 rrt. of 10.0 mq/l Cd 100 ml 

CdFlC-1 -
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Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared fn the same acid concentra tfons as the 
samples being analyzed. 

3. The use of background correction is required. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samoles, or ·any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If cadmium is to be run in the concentration mode, use the 0.50 
and 1.00 standards and follow the procedure for analyzing in 
concentration mode. 

Qua 1i ty Contro 1: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance chE'clc standard fn the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performe~ 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standatd of 0.10 mg/l is to be 
analyzed, at a minimum. after every 10 samples. lf less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quali~ control book. The 
confidence limits are noted fn the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within 
acceptable ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

CdFlC-2 
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Calculations: 

1. Plot concentration vs absorbance on graph. Determfne unknowns using 
graoh or 

2. Calculate using linear regression or 

3. Calculate using the concentration mode. 

[ALMS-10] 
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CADMIUM 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 213.2 

"Analytical Methods for Furnace Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

"Techniques in Graphite Furnace Atomic Absorption Spectrophotometry", 
1985, Perkin-Elmer Corporation 

Contract laboratory Program, •statement of Work•, July, 1985 

Detection limit: 0.0002 mg/l 

: 17:'~ ·-t£:; Optimum Concentration Range: 0.0002 - 0.0020 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. All samples must be 
digested prior to analysis (refer to appropriate digestion 
procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Cadmium hollow cathode lamp with lamp energy set at 4. 

2. Wavelength: 228.8 nm 

3. Slit Width: 0. 7 Alternate 

4. Mode: Peak area 

S. HGA Furnace Programming: 

Step 1: 
Step 2: 
Step 3: 

120 
250 

2100 

(dry temp) 10 (ramp time) 
(char temp) Io (ramp time) 
(atom temp) _...:2;.___ (ramp time) 

20 
20 
3 

(hold time) 
(hold time) 
(hold time) 

* Also press the read, record and stop f·low buttons; enteiA t =- 5 sec 

Step 4: 2700 (max temp) 1 (ramp time) 5 (hold time) _.......__ 
Press record button. 

6 • Sa mp 1 e Yo 1 ume : 20 ul 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, ug/L 

8. Pyrolytic tubes must be used. 

CdFuC-1 
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Reagent ~reparation: 
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1. Standard Cadmium Solution (1000 ug/L Cadmium): Pipet 1.00 ml of 
the lOOO ppm stock cadmium solution into a lOOO ml volumetric 
flask, add 1/2 ml HN03, and dilute to the mark with Milli-Q water. 
Prepare fresh every month. 

2. Working Cadmium Solution (100 ug/1 Cadmium): Pipet 10 mL of the 
lOOO ug/1 cadmium into a 100 mt volumetric flask and dilute to 
the mark with Mi111-Q water. Prepare fresh every month. 

3. Standards (Prepare fresh every week.): 

Concentra·tion Volume of Dilute 
of Standard Cadmium Standard to 

0.00 ug/l 0 ml of 100 ug/l Cd 100 ml 
0.50 ug/L 0.5 nt. of 100 ug/L Cd 100 ml 
1.00 ug/l 1 ml of 100 ug/l Cd 100 ni 
2.00 ug/l 2 ml of 100 ug/l Cd 100 ml 

Notes: 

. ' . idJ 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the s~me acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. The cadmium flame procedure is recommended wher@ concentrations 
of greater than 0.10 mg/L are expected. 

Procedure: for the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace - Direct Injection section of this manual. 

Use of peak area is required. 

If cadmium ;s to be analyzed in concentration mode, use the 1.00 
and 2.00 ug/l cadmium standards and follow the procedures for 
analyzing in the concentration mode. 

Qua 1i ty Con tro 1: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, Tamp alignment, graphite tube, 
etc.). 

CdFuC-2 
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2. A quality control calibration standard of 1.00 ug/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard fs still required. The last saq>le 
analyzed in the run is to be the calibration standard. These standards 
must be within the acceptable ranges or the samples run after the 
last acceptable calibration standard are to be reanalyzed. Record 
the calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. A digested duplicate and spike a minimum of 1 out of 10 samples. 
If less than 10 samples are analyzed, a digested duplicate and 
spike are still required. Duplicates are to be averaged. Spike 
samples with a standard of twice the concentration of the sample 
in a 1:1 ratio of sample to standards. Spike recoveries and duplicates 
are to be within acceptable ranges or· the use of dilution, or 
method of standard additions is to be applied to reduce the 
interferences. 

4. For every sample analyzed, an analytical spike Cat the bench) 
must be run to verify that standard additions are not required. 
Criteria for standard additions is: 

a. If the spike recovery is within 85 - 115%, standard additions 
are not required. 

b. If the spike recovery is outside 85 - 115%, standard additions 
are required. 

5. An EPA reference sample will be analyzed with each analysis. 

Ca 1 cula tions: 

· (-~ 1. Plot concentrations vs. peak area on graph. Determine unknowns 
~ using graph, or 

'-. 2. Calculate asing linear regression, or 

3. Calculate using concentration mode. 

laboratory Manager 

¥. vX'f' ~~"\v\Uo 
Kim D. Finner 
~nJlytical laboratory QA Officer 

~J.~ 
lawrence D. Andersen 
Vice President, Technical Services 
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CALCIUM 

Method: AA - Flame; Direct Aspiration 

ReferencP: EPA 1983, Method 215.1 

"Analytical Methods for Atomic Absorption Spectrophotometry•, 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.05 mg/L 

Optimum Concentration Ranqe: 0.05 - 25.0 mg/L 

Sampling Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filterPd groundwatE'r free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. The Ca-Mg combination hollow cathode lamp is used. Set lamp 
energy to 25. 

2. Wavelength: 422.7 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve SE't-up: 2.00. 5.00. 10.00, 25.0 mg/l. 

Reagent Preparati~n: (Prepare fresh every 6 months unless otherwise noted.) 

1. 

2. 

Standard Calcium Solution (100 mg/l Calcium): Pfpet 10 ml of the 
1000 opm stock calcium solution into a lOO ml volumetric flask, 
add 1/2 ml HN03, and dilute to the mark with Mflli-Q water. 

Standards (Prepare fresh every 2 months.): 

Concentration Volume of Dilute 
cf Standard Calcium Standard to 

2.00 mg/l 2 ml of 100 mg/l Ca 100 ml 
5.00 mg/l 5 ml of 100 mg/l Ca 100 mL 
10.0 mg/l 10 ml of 100 mg/l Ca 100 ml 
25.0 mg/L 25 ml of 100 mg/L Ca 100 ml 

ca2-l 
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3. lanthanum Chloride Solution: In a 500 ml volumetric flask, dissolve 

29g of l~z03 slowly ~nd fn small portions, in 250 ml cone. HCL 
(CAUTION: Reaction fs violent!) and dilute to 500 ml with Milli-Q 
water. 

f 

j 
i 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentra tfon range. 

2. Standards at'e to be prep.:tred fn the same acid concentrations as the 
samples being analyzed. 

3. Silicon, aluritfnum, phosphate and sulfate depress the signal for 
calcium. lanthanum chloride fs added as a lll'ltrix modifier to 
control these interferences. 

"---' Procedure: For the analysts procedure, refer to the Atomic Absorption Spectro­
metry, Flame - Direct Aspiration section of this manual but make the 
following changes: 

~\ 

J 

1. 

2. 

3. 

Quality Control: 

Turn th~ burner head counte,. clockwise as far as it will 
go (approximately a 45• angle). 

lanthanum chloride solution 1s added as a matrix modifier 
to the samples and standards in a ratio of 1.0 ml lanthanum 
chloride solution to 10 ml samples. blanks ~nd standards. 

If calcium is to be run in the concentration mode, use thP. 
5.00 and 25.0 standards and follow the procedure for analyzing 
in concentration mode. 

1. Establish a standard curve wfth the standards listed above plus ~ 
blank. Record the absorbitnct: check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 10.0 mg/L is to be 
analyzed, at a minimum, aftP.r every 10 samples. If lP.ss than 10 
samples are analyzed, a calibration standard fs still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must he within acceptable ranges or the samples run 
after the last acceptable check standard are to he reanalyzed. 
Record the c~libration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

Ca2-2 
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3. Duplicate and spfke a minimum of 1 out of 10 samples. If less than 
10 sampl~s are analyzed. a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spfke recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

Ca 1 culatfons: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph. or 

2. Calculate using linear regression • 

3. Calculate using the concentration mode. 

~~Je.~ /r£1; 
Michael J. linskens 
laboratory Manager 

~~~ \\v\~~ 
imO:inner '" 1 

Analy:~col~~ QAtoc officer 

A·~~- ,/~li/ 
lawrence D. Andersen ' 
Yfce President. Technical Services 
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CALCIUM - VARIAN 20 

Method: AA - Flame: Direct Aspiration 

Reference: EPA 1984, Method 215.1 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract laboratory Program, •statement of Work•. 

Petectjon limit: 0.05 mg/l 

OPtimum ConCentration Range: 0.05 ~ 25.0 mg/L 

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months . 

Instrument Conditions: 

1. The Ca-Mg combination hollow cathode lamp is used. Set lamp energy to 
25. . 

2. Wavelength: 422.7 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 2.0Q, 5.00, 10.00, 25.0 mg/l. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.} 

1. Standard Calcium Solution 1100 mytL Calcium): Pipet 10 ml of the 
1000 ppm stock calcium solution nto a 100 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with Milli-Q water. 

? Standards {Prepare fresh every?. months.}: 

Concentration Volume of Dilute 
~f ~tandird ~~lciym Sttndird t~ 

2.00 mg/l 2 ml of 100 mg/l Ca 100 ml 
5.00 mg/l 5 ml of 100 mg/l Ca 100 ml 
10.0 mg/l 10 ml of 100 mg/l Ca 100 ml 
25.0 mg/l 25 ml of 100 mg/l Ca 100 ml 

[JNORGSOP] 
Ca20C-l 
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3. Lanthanum Chloride Solution: In a 500 mL volumetric flask, dissolve 
29g La203 slowly and in small portions, in 250 mL cone. HCl (CAUTION: 
Reaction is violent!) and dilute to 500 mL with Milli-Q water. 

t!Q.tn: 

1. Samples must be diluted to obtain concentrations within the optimu. 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. Silicon, aluminum, phosphate and sulfate depress the si~nal for 
calcium. Lanthanum chloride is added as a matrix modif1er to control 
these interferences. 

Procedure: · For the analysis procedure, refer to the Atomic Absorption 
Spectrometry; Flame - Direct Aspiration section of this manual but 

:1~ make the fol owing changes: 

1. Turn the burner head counter c 1 ockwise as far as ·it will go 
(approximately a 45• angle). 

2. lanthanum chloride solution is added as a matrix modifier to 
the samples and standards in a ratio of 1.0 ml of lanthanum 
chloride solution to 10 ml samples, blanks and standards. 

3. If calcium is to be run in the concentration mode, use the 
5.00 and 25.0 standards and follow the procedure for 
analyzing in concentration mode. 

QualitY Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

2. A quality control calibration standard of 10.0 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in th~ run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

[INORGSOP] 
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3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentration vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression. 

3. Calculate using the concentration mode.· 

[INORGSOP] 
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CHROMIUM - VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 218.2. 

•Analytical Methods for Zeeman Graphite Tube Atomizers•, 
Varian, 1986 

Contact laboratory Program, •statements of Work• 

Detection Limit: 0.0002 mg/l 

Optimum Concentration Range: 0.0002 - 0.010 mg/l 

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze with1n 6 months. 

Instrument Conditions: 

1. Chromium hollow cathode lamp set at 7 mA. 

2. Wavelength: 357.9 nm 

3. Slit Width: 0.2 

4. Mode: Peak Area 

5. HGA Furnace Programming: 

lliR 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Temp <*C) 

85 
95 

120 
1000 
1000 
1000 
2600 
2600 
2600 

6. Sample Volume: 20 ul 

Time 

5 
40 
10 
5 
1 
2 

1.2 
2 
2 

Gas [lgw 

ON 
ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
ON 

7. Standards to use for curve set-up: 1.00, 5.00, 10.0 ug/l. 

[INORGSOP] 
CR400C-1 



Reagent Preoaration: 

1. Standard Chromium Solution (1000 uq/L Chromium): Pipet 1.00 ml of the 
1000 ppm stock Chromium solution into a 1000 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with D.I. water. Prepare fresh 
every month. 

2. 

3. Standards (Prepare fresh every week.): 

Concentration Volume of 
Chromium Standard 

Dilute 
of Standard to 

"---" Notes: 

1.00 ug/L 
5.00 ug/L 
10.0 ug/L 

1.0 ml of 100 ug/L Cr 
5.0 ml of 100 ug/L Cr 

10.0 ml of 100 ug/L Cr 

100 Ill 
100 ml 
100 ml 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace - direct Injection section of this mantral. 

If chromium is to be analyzed in concentration mode, use the 5.00 
and 10.0 u~/L chromium standards and follows the procedure for 
analyzing 1n the concentration mode. 

,r'"~.·\ Qual itv Control: hJ - - -

1. Establish a standard curve with the standards listed above plus a 
~ blank. Record the absorbance check standard in the absorbance check 

book. The abs"··bances should remain consistent from run to run. If 
not, necessary troubleshootin~ must be performed before continuing 
(c~eck wavelengtf\, furnace al1gnment, lamp alignment, graphite tube, 
etc.). 

2. A quality control calibration standard of 5.0 ug/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

[INORGSOP] 
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3. Digest a duplicate and spike; a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a digested duplicate and spike are 
still required. Duplicates are to be averaged. Spike samples with a 
standard of twice the concentration of the sample in a 1:1 ratio of 
sample to standards. Spike recoveries and duplicate results are to be 
within acceptable ranges or the use of dilution, or method of standard 
additions is to be applied to reduce the interferences. 

4. For every sample analyzed, an analytical spike (at the bench) must be 
run to verify that standard additions are not required. 

5. An EPA reference sample will be analyzed with each analysis. 

Calculations:· 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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CHROMIUM 

Method: AA - Flame: Direct Aspiration 

Reference: EPA 1983, Method 218.1 

•Analytical Methods for Atomic Absorption Spectrophotometry•, 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.05 mg/l 

Optimum Concentration Range: 0.05 - 5.00 mg/L 

Samp 1 e Hand11 ng: Acidify with n1tr1c acid to pH ( 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Chromium hollow cathode lamp with lamp energy set at 25. 

2. Wavelength: 357.9 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Reducing, rfch, yellow 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L • 
.. ~ 
· ~ ·) Reagent Prepa rat f on: (Prepare fresh every 6 months un 1 ess otherwise noted. 

1. Standard chromium solution (100 mg/L Chromiumn}: Pipet 10 ml of the 
1000 ppm stock chromium solution into a 100 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with DI water. 

[V -600-99A] 
CrF12C-1 
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2. Standards (Prepare fresh every 2 months.): 

Concentration Volume of Dilute 
of Standard Chromium Standard to 

0.50 mg/l 0.5 ml of 100 mg/l Cr 100 ml 
1.00 mg/l 1 ml of 100 mg/l Cr 100 ml 
2.00 mg/l 2 ml of 100 mg/l Cr 100 ml 
5.00 mg/l 5 ml of 100 mg/l Cr 100 •L 

3. Ammonium bifluoride (lOS): Dissolve lOg of ammonium bifluoride and 2g 
of sodium sulfate in DI water. Dilute to 100 ml. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared 1n the same acid concentrations as the 
samples being analyzed. 

3. A solution of ammonium bifluoride and sodium sulfate is added as a 
matrix modifier to control interferences from iron, nickel and other 
metals. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not requi$d. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

Add 1 ml of ammonium bifluoride solution to 10 ml of samples, 
blanks, and standards. 

If chromium is to be run in the concentration mode, use the 2.00 
and 5.00 standards and follow the procedure for analyzing in the 
concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

[V-600-99A] 
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2. A quality control calibration standard of 2.00 mg/l is to be analyzed, 
at a min1mu.m, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard 1s still required. The last saaple 
analyzed in the run is to be the calibration standard. These 
standards must be within the acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. Record 
the calibration standards in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions 1s to be applied 
to reduce the interferences. 

Calculations: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph or 

2. Calculate using linear regression or 

3. Calculate using the concentration mode. 

[V-600-99A] 
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COBALT - VARIAN 20 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1984, Method 219.1 

"Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract Laboratory Program, •statement of Work". 

Detection Limit: 0.05 mg/L 

Optimum Concentration Range: 0.05 - 5.00 mg/l 

Samole Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze with1n 6 months. 

Instrument Conditions: 

1. Cobalt hollow cathode lamp with lamp energy set at 7. 

2. Wavelength: 240.7 nm 

3. Slit Width: 0.5 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/l. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

I. Standard Cobalt Solution (10.0 mg/l Cobalt): Pipet 1.0 ml of the 
1000 ppm stock cobalt solution into a 100 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every 2 months.): 

Concentration Volume of Dilute 
of Standar~ tobalt Standard to 

0.50 mg/L 5 ml of 10.0 mg/l Co 100 ml 
1.00 mg/l 10 ml of 10.0 mg/L Co 100 ml 
2.00 mg/L 20 ml of 10.0 mg/L Co 100 ml 
5.00 mg/L 50 ml of 10.0 mg/L Co 100 ml 

[INORGSOP] 
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1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. This flame procedure can be used for digested samples, EP toxicity 
samples or any other samples where high concentrations of cobalt 
(concentrations greater than 0.50 mg/L) are expected and low detection 
limits are not required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame ~Direct Aspiration section of this manual. 

If cobalt is to be run in the concentration mode, use the 2.00 and 
5.00 standards and follow the procedure for analyzing in 
concentration ~ode. 

~Quality Control: 

--~ 

0 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

2. A quality control calibration standard of 1.00 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to ~~ averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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COPPER 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1984, Method 220.1 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract Laboratory Program, •statement of Work•. 

Detection limit: 0.02 mg/L 

Ootimum Concentration Range: 0.02 - 5.00 mg/l 

Samole Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. The Copper hollow cathode lamp is used. Set lamp energy to"18. 

2. Wavelength: 324.7 nm 

3. Slit Width: 0.5 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/l. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Standard Copper Solution (100 ~/l Copoerl: Pipet 10 ml of the 
1000 ppm stock copper solution nto a 100 ml volumetric flask, add 
1/2. ml HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare tresh every 2 months.): 

Concentration Volume of Dilute 
of Standard Aluminum Standard tQ 
0.50 mg/l 0.5 ml of 100 mg/l Cu 100 ml 
1.00 mg/l 1 ml of 100 mg/l Cu 100 ml 
2.00 mg/L 2 ml of 100 mg/l Cu 100 ml 
5.00 mg/l 5 ml of 100 mg/l Cu 100 ml 

[INORGSOP] 
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1. 

2. 

3. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If copper is to be run in the concentration mode, use the 2.00, 
and 5.00 ,/l copper standards for standardization and follow the 
procedure or analyzing in the concentration mode. 

QualitY Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment;· lamp alignment, etc.). 

2. A quality control calibration standard of 1.00 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration ~de. 

[INORGSOP] 
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IRON - VARIAN 20 

Method: AA - Flame: Direct Aspiration 

Reference: EPA 1984, Method 236.1 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract Laboratory Program, •statement of Work•. · 

Detection Limjt: 0.05 mg/L 

Qotimum Concentration Range: 0.05 - 5.00 mg/L 

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze with1n 6 months. 

Instrument Conditions: 

1. The Iron hollow cathode lamp is used. Set lamp energy to 18. 

2. Wavelength: 248.3 nm 

3~ Slit Width: 0.2 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

1. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 

{§) Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Standar Ir n Solution 100 Iron : Pipet 10 ml of the 1000 ppm 
stock iron so ution into a 100 ml vo umetric flask, add 1/2 ml HN03, 
and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every 2 months.): 

[INORGSOP] 

Concentration 
of Standard 

0.50 mg/l 
1.00 mg/l 
2.00 mg/L 
5.00 mg/L 
10.0 mg/L 
25.0 mg/L 
50.0 mg/l 
75.0 mg/L 

Volume of 
Iron Standard 

1/2 ml of 100 mg/L Fe 
1 ml of 100 mg/l Fe 
2 ml of 100 mg/L Fe 
5 ml of 100 mg/L Fe 
10 ml of 100 mg/L Fe 
25 ml of 100 mg/L Fe 
SO ml of 100 mg/L Fe 
75 ml of 100 mg/l Fe 

Fe20C-l 

Dilute 
to 

100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
100 ml 
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2. 

3. 

4. 

5. 

Be very careful when scaling in wavelength, a nearby one exists. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. , 

Standards are to be prepared in the same acid concentration$ as the 
samples being analyzed. 

The use of background correction is required. 

An alternat~ wavelength of 373.7 nm can be used for high iron 
concentrations (concentrations greater than 5.00 mg/L). The optimum 
concentration range at this wavelength is 1.00 - 100 mg/l iron. 
Standards to use are: 1.00, 10.0, 25.0, 50.0 mg/l. The quality 
control calibration standard is the 10.0 mg/l iron standard. All other 
instrument conditions remain the same as those at the 248.3 nm 
wavelength. 

'-..../ Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If iron is to be run. in the concentration mode, use the 2.00 and 
5.00 mg/l iron standards (use the 25.0 and 75.0 mg/l iron 
standards if using the 373.7 nm wavelength) and fo1low the 
procedure for analyzing in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

2. A quality control calibration standard of 0.50 mg/l is to be analyzed~ 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
accept~.t>le check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

[INORGSOP] 
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Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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LEAD - VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 239.2 

•Analytical Methods for Zeeman Graphite Tube Atomizers•, Varian, 
1986. 

Contract Laboratory Program •statement of Work" 

Detection Limit: 0.003 mg/L 

Optimum Concentration Range: 0.003 - 0.050 mg/l 

· ~:) Samole Handling: Acidify with nitric acid to pH< 2. Drinking waters and 
~ filtered groundwater free of particulate matter and organics 

may be analyzed directly, while wastewaters, leachates, 
~ solids, etc. must be digested prior to analysis (refer to 

appropriate digestion proced~res). Analyze with1n 6 months. 

ln~!rument Condition~: 

1. lead hollow cathode set at 8 mA 

2. Wavelength: 283.3 nm 

3. Slit Width: 0.5 

4. Mode: Peak area 

5. HGA Furnace Programming: 
..... ·- .. 

) -...:.... STEP NO. TEMPERATURE CC) TIME CSEC) GAS FLOW Cl/MIN) 
....___._ 1 85 5.0 On 

2 95 30.0 On 
3 120 10.0 On 
4 600 5.0 On 
5 600 1.0 On 
6 600 2.0 Off 
7 2100 1.0 Off 
8 2100 2.0 Off 
9 2100 2.0 On 

6. Sample Volume: 20 ul 

7. Matrix modifer volume: 5 ul (lanthanum nitrate) 

8. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/l. 

[INORGSOP] 
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Reagent Preparation: 

1. Standard lead solution (1000 u3/l lea~): Pipet 1.00 ml of the 1000 ppm 
stock lead solution into a 100 ml vo umetric flask, add 1/2 ml HN03 
and dilute to the mark with deionized water. Prepare fresh every 
month. 

2. Standards (Prepare fresh every week.): 

Concentration 
of Standard 

10.0 ug/l 
20.0 ug/l 
50.0 ug/l 

Volume of 
lead Standard 

1 ml of 1000 ug/l Pb 
2 ml of 1000 ug/l Pb 
5 ml of 1000 ug/l Pb 

Dilute 
to 

100 ml 
100 ml 
100 ml 

3. Stock lanthanum nltrate solutioy: Dissolve 58.64g of la203 in 100 ml 
concentrated nitr c acid and di ute to 1000 ml with D.I. water • 

4. Working lanthanum nitrate solution: Pipet 10 ml of stock lanthanum 
nitrate into a 100 ml volumetric flask, ·add 0.3 ml HN03 and dilute to 
mark with deionized water. 

t!Q.tn: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples ·being analyzed. 

3. The use of background correction is required. 

4. Sulfate is a negative interference for lead. lanthanum nitrate 
solution is added as a matrix modifier. 

5. Be careful when reporting the units! 

Procedure: 

[INORGSOP] 

For the analysis procedure, refer to the Atomic Absorptior. 
Spectrometry, Furnace- Direct Injection section of this manual. 

If lead is to be analyzed in the concentration mode, use the 20.0 
and 50.0 ug/l standards and follow the procedure for analyzing 
using the concentration mode. 
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Oualitv Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before conUnuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). · 

2. A quality control calibration standard of 20.0 ug/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted ir the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicate$ are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates ~re to be within an acceptable ran~e or 
the use of matrix modifiers, dilution, or method of standard addit1ons 
is to be applied to reduce the interferences. 

4. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

.(S) 2. Calculate using linear regression, or .. 
3. Calculate using the concentration mode. 

[INORGSOP] 
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LEAD -
Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 239.1 

MAnalytical Methods for Atomic Absorption Spectrophotometry•. 
1982, Perkin-Elmer Corporation 

Detection limit: 0.10 mg/l 

Optimum Concentration Range: 0.10 - 10.0 mg/l 

Sample Handling: Acidify with ni trf c acid. to pH < 2. Drinking waters and 
filtered groundwater free of particulate matt~r and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be diqested prior to analysis (refer to 
appropriatt digestion procedure). Analyze within 6 months. 

Instrument Conditions: 

1. lead electrodeless dishcarge lamo with lamp energy set at 10 •. 

2. Wavelength: 283.3 nm 

3. Slit Width: 0. 7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 
R'\ 
~ 7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/l. 

Reagent Pr~oaration: Prepare fresh every 6 months unless otherwise noted. 

' 1. Standard :Lead Solut av.l (100 m8/L lead): Pipet 10 ni of the 1000 ppm 
stock lead solution into a !O mt volumetric flask, ~dd 1/2 ml HN03, 
and diaute to the mark with Mil'ii-Q water. 

2. Standards (Prepare fresh every month.): 

Con centra ti on Volume of Dilute 
of Standard lead Standard to 

1.00 mg/l 1 ml of 100 mg/l Pb 100 ml 
2.00 mg/l 2 ml of 100 mg/L Pb 100 ml 
5.00 mg/L 5 ml of 100 mg/l Pb 100 ml 
10.0 mg/l 10 ml of 100 mg/l Pb 100 ml 

PbFlC-1 



Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
con centra tf on range. 

2. Standards are to be prepared in the same acfd concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

~,-- ... _ 

. .l Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame -Direct Aspiration section of this manual. ·~-~· .. 
If le~d is to be analyzed by the concentration mode. use the 
5.00 ~nd 10.00 mg/L lead standards and follow the procedure for 
analyzing in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, n~cessary troubleshooting must be performed 
before continuing (check w~velength, flame head alignment. lamp 
alignment, P.tc.). 

2. A quality control calibration standard of 5.00 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in th~ run is to be the calibration standard. Tttese 
standards must be within acceptable ranges or the samples run after 
the last i'ICCeptable check standard are to be reanalyzed. Record 
the calibration standards -in the quality control book. The confidence 
limits are noted fn the q~ality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Oupli cates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries· and duplicates must be within acceptable 
ranges or thP. use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

PbFlC-2 



Ca 1 cula tions: 

1. Plot concentration vs absorbance on graph. Determine unknowns us;ng 
graph or 

2. Calculate using linear regression or 

3. Calculate using the concentration mode. 

[ALM-8-9] PbFlC-3 
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MAGNESIUM - VARIAN 20 

Method: AA - Flame: Direct Aspiration 

Reference: EPA 1984, Method 242.1 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract Laboratory Program, •statement of Work". 

Detection limit: 0.05 mg/l 

Ootimum Concentration Range: 0.05 - 10.0 mg/L 

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedure}. Analyze within 6 months. 

Instrument Conditions: 

1. The Ca-Mg combination hollow cathode lamp is used. Set lamp energy to 
25. . 

2. Wavelength: 285.2 nm 

3. Slit Width: 0.5 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/l. 
,..--. 
~ Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Standard Magnesium Solution (100 ~/L Magnesium}: Pipet 10 ml of the 
1000 ppm stock magnesium solution 1nto a 100 ml volumetric flask, add 
1/2 ml HN03, and dilute to the mark with Milli-Q water. 

?.. St~ndards (Prepare fresh every 2 months.): 

Concentration Volume of Dilute 
of Standard Magnesium ~tandard to 

1.0 mg/l 1 ml of 100 mg/l Mg 100 ml 
2.0 mg/l 2 ml of 100 mg/l Mg 100 ml 
5.0 mg/l 5 ml of 100 mg/l Mg 100 ml 
10.0 mg/l 10 ml of 100 mg/l Mg 100 ml 

[INORGSOP] 
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3. Lanthanum Chloride Solution: In a 500 ml volumetric flask! dissolve 
29g La203 slowly and in small portions, in 250 ml cone. HCt (CAUTION: 
Reaction is violent!) and dilute to mark with Milli-Q water. 

f!Q1n: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. Silicon and aluminum depress the sf~nal for magnesium. lanthanum 
chloride is added as a matrix modif1er to control these interferences. 

5. Sodium, Potassium and Calcium can interfere if above concentrations of 
400 mg/l. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual but 
make the following changes: .. 

1. Turn the burner head counter clockwise as far as it will go 
(approximately a 45• angle). 

2. Lanthanum chloride solution is added as a matrix modifier to 
the samples, standards, and blanks in a ratio of 1.0 ml of 
Lanthanum chloride solution to 10 ml sample standards. 

3. If magnesium is to be analyzed in the concentration mode, 
use the 5.0 and 10.0 standards and follow the procedure for 
analyzing in the concentration mode. 

() Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain.consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

2. A quality control calibration standard of 5.0 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples a-re 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

[INORGSOP] 
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3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are ·still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentration vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression. 

3. Calculate using the concentration mode. 

[INORGSOP] 
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MANGANESE - VARIAN 20 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1984, Method 243.1 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract laboratory Program, •statement of Work•. 

Detection limit: 0.015 mg/l 

Ootimum Concentration Range: 0.015 - 2.50 mg/l 

Samole Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze with{n 6 months. \~\'-~ 

~ . 
Instrument Conditions: 

1. The Manganese hollow cathode lamp is used. Set lamp energy to 18. 

2. Wavelength: 279.S nm 

3. Slit Width: 0.2 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.2S, O.SO, 1.00, 2.SO mg/L. 

~~ Reagent PreParation: 

1. 

2. Standards (Prepare fresh every 2 months.): 

[INORGSOP] 

Concentration 
of Standard 

0.25 mg/l 
0.50 mg/L 
1.00 mg/L 
2.SO mg/L 

Volume of 
Manganese Standard 

l ml of 1.00 mg/l Mg 
1 ml of SO mg/L Mg 
2 ml of 50 mg/l Mg 

· 5 ml of SO mg/L Mg 

Mn20C-l 

Dilute 
to 

100 ml 
100 ml 
100 ml 
100 Ill 
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t!Qill: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption · 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If manganese is to be run in the concentration mode, use the 1.00, 
and 2.50 ~/L manganese standards and follow the procedure for 
analyzing 1n the concentration mode. 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the a~sorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment,. lamp alignment, etc.). 

2. A quality control calibration standard of 0.50 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentration vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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Scope and Application: 

TOTAL MERCURY 
Liquid Samples 

This method is applicable to drinking, surface, 
groundwater, domestic, and industrial wastewaters. 

Method: Manual Cold Vapor- __ 

Reference: EPA 1983, Method 245.1 

Detection limits: 0.0002 mg/l {in 100 ml sample) 

Optimum Range: 0.0002-0.010-mg/l 

Sample Handling: Preserve with concentrated HN03 to pH <2. Analyze within 28 
days of sampling. _ 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
s. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Mercury cold-vapor Analyzer-System 
Water bath set @ 95*C ___ _ 
BOD bottles; 300 ml 
Class A volumetric glassware 
Instra-Analyzed sulfuric acid 
Instra-analyzed nitric acid 
Potassium persulfate -
Potassium permanganate 
Sodium chloride 
Hydroxylamine hydrochloride solution 
Stannous chloride 
Various Class A volumetric pJpettes 
Mercury lamp · _ 
Mercury stock and standard solutions­
Drierite 
Activated charcoal 
Glass wool 
Tygon tubing 

Reagent Preparation: ~~repare fresh every 6-~~nths, unless otherwise n~ted.) 

l. Sulfur~c acid {0.5 Nl: Pip~t 14.0 ml ~f cone. H~so3 to ~on ml P.I. 
water 1n a 1 l1ter volumetr~c flask, d1lute to tfie mark. PREPARE IN 
THE HOOD! 

2. Stannous chloride (10% w/vl: Add 100.0-g stannous chloride to 1 l~ter 
of 0.5 N sulfuric acid. 

[INORGSOP] 
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3. Sodium chloride-hydrdoxylamine hydrochloride solufion: Dissolve 
120.0 9 of sodium chloride and 120.0 9 of hydroxy amine hydrochloride 
in D.J. water, dilute to 1 liter. 

4. Potassium permanganate (5' solution. w/v~: Dissolve 50.0 g of 
potassium permanganate 1n D.I. water, di ute to 1 liter. 

5. Potassium per·sulfate (5% sslution. w/v~: Dissolve 50.0 g of potassium 
persulfate in D.J. water, ilute to 1 iter. 

6. Intermediate mercurv standard (10.0 mg/l): Transfer 1.0 ml stock 
mercury (1000 mg/l) solution, plus 1/2 ml nitric acid, into a 100 ml 
volumetr1c flask and dilute to the mark with D.I. water. Prepare fresh 
dailv! 

7. Working mercury standard (0.100 mg/L): Transfer 1.0 ml of the 
10.0 mg/L intermediate standard, plus 1/2 ml nitric acid, into a 100 ml 
volumetric flask and dilute to the mark with D.l. water. Prepare fresh 
daily! 

MQ.ill: 

1. The mercury standards are volatile and unstable. Standards must be 
prepared daily. 

2. Because of the toxic nature of mercury vapor, precaution must be taken 
to avoid inhalation. Vent the mercury .vapor into an exhaust hood or 
pass the vapor through an absorbing media. 

3. A 1~ solution of stannous sulfate may be substituted for stannous 
chloride. 

4. Hydroxylamine sulfate may be used rather than hydroxylamine 
hydrochloride. 

5. Standard additions must be used for all EP extracts and delisting 
petitions. 

6. The calibration check standard is a 0.005 mg/l standard. 

7. Interferences: 

a. Potassium permanganate is added t~eliminate interferences from 
sulfide. Concentrations as high as 20 mg/l sulfide as sodium 
sulfide do not interfere. 

b. Copper has also been reported to interfere; however, copper 
concentrations as high as 10 mg/l have no effect on recovery of 
mercury from spiked samples. 

[ INORGSOP] 
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c. Seawaters, brines, and industrial effluents, high in chlorides, 
will require additional potassium permanganate. during the 
oxidation step, chlorides are converted to free chlorine which also 
absorbs at the same wavelength as mercury. Care must be taken to 
ensure that free chlorine is absent before the mercury is reduced 
and swept into the cell. this may be accomplished by using an 
excess of hydroxylamine chloride reagent. In addition, the dead 
air space in the BOD bottle must be purged before adding the 
stannous sulfate. 

d. Certain volatile organic materials that absorb at this wavelength 
may also cause an interference. A preliminary run without reagents 
should determine if this type of interference is present. 

Instrument Conditions: 

1. Mercury electrodeless discharge lamp with lamp energy set at 6. 

2. Wavelength: 253.6 nm. Background is required. 

3. Slit Width: 0.7 

4. Mode: Peak height 

5. Time • 25 seconds 

. 6. Standards to use for curve set-up: 0.5, 1.0, 5.0, 10.0 ug/L. 

Cold Vaoor System Set-up: 

Ce 11 Alignment: 

1. Insert quart cell in burner chamber. (Replace the burner head in the 
burner chamber.) 

2. Align cell in light path (use 0.5 sec t, adjust to the lowest abs. 
reading). 

3. Check drying tube and charcoal tube - replace if necessary (see 
attached page). . 

4. Insert aerator into a BOD bottle filled with 100 mls 0.1. water. 

5. Turn on pump. Turn on strip recorder. 

6. let warm-up a few minutes. 

7. Zero machine. 

[ INORGSOP] 
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ACID DIGESTION FOR WASTEWATER, GROUNDWATER AND EP TOXICITY SAMPLES -

Scope and Application: This acid digestion is applicable to all aqueous 
sample matrices. A nitric/hydrochloric ~cid digestion 
is used for a 11 meta 1 s whf ch are to he analyzed by 
the AA-flame technique and for the furnace analysis 
of antimony. Metals which are to be analyzed by the 
AA-furnace technique will follow the nitric acid/ 
hydrogen peroxide digestion. 

Method: Nitric and nitric/hydrochloric acid digestions. 

Reference: EPA SW-846, •rest Methods for Evaluating Solid W~stes•. July. 
1982. Methods 3010 and 3020. 

~~ Contract laboratory Program. •statement of Work". July, 1985. 

0 

Sample Handling: Aqueous samples must be acidified with concentrated nitric 
acid to pH < 2. Set up digestion as soon as possible; 
digested sample must be analyzed within 6 months. 

Reagents and Apparatus: 

1. Hot Plate 
2. 250 ml beakers 
3. 100 nt. gradua tE'd cylinders 
4. Class A volumetric glassware 
5. M;l 1i -Q water 
6. Instra-analyzed nitric acid 
7. Instra-analyzed HCL acid 
8. Stock and standard metal solutions 
9. Whatman 142 filter paper 

10. Glass funnels 
11. Watch glasses 
12. 301 hydrogen peroxide 

RP.r;~nt 0 reparation: 

1. Intermediate and Working Metal Solutions: Refer to the specific 
meta 1 SOP for instructions on preparation. 

Notes: 

1. All blanks, duplicates, and spikes, as well as a digested check 
standard must be carried through this digestion procedure. 

AquOigC-1 
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Procedure: 

A. Digestion For AA-flame and Antimony by furnace: 

1. All glassware must be ~cid-washed with 1:1 nitric acid and thoroughly 
rinsed with Mflli-Q water prior to use. 

2. Measure out 100 ml aliquots of samples, bl~nks, and standards into 
250 ml beakers using a graduated cylinder. 

3. Add 2 ml of 1:1 HN03 and 10 ml of 1:1 HCl. 

4. Cover with a watch glass and heat on the hot plate until the volume 
has been reduced to between 25 and 50 ml. Make certain that the 
sample does not boil. 

5. Quantitatively transfer digested samples, blanks, and standards into 
100 ml volumetric flasks. Filter samples through Whatman #42 filters, 
rinse beakers and filters with Milli-Q water and dilute to 100 ml. 
Alternatively, samples can be transfered to 10D nt. volumetric flasks, 
without filtering. Dilute to volume and let any insoluble material 
settle overnight. 

6. Samples are now ready for analysis using the AA-flame procedure. 

B. Digestion For AA-Furnace (except Antimony): 

1. 

2. 

3. 

4. 

All glassware must be acid-washed with 1:1 nitric acid and thoroughly 
rinsed with Milli-Q water prior to use. 

Measure 100 mL aliquots of samples, blanks, and standards into 
250 ml beakers using a graduated cy 1 i nder. 

Add 1.0 ml of 1:1 HN03 and 2 ml of JOS H2o2• 

Cover with a watch glass and heat on the hot plate at 95•c for 2 
hours or until the volume is reduced to between 25 and 50 ml. 
Make certain that the sample does~ boil. 

5. Quantitatively transfer digested samples, blanks, and standards 
into 100 ml volumetric flasks. Filter samples through Whatman 142 
filters, rinse beakers and f;lters with Milli-Q water and dilute 
to 100 ml. A 1 terna ti vely, samples can be transfered to 100 ml 
volumetric flask without filtering. Dilute to volume and let 
any insoluble material settle overnight. 

6. Samples are now ready for analysis using the AA furnace procedures. 

AquOigC-2 



1 Quality Control 
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1. Refer to each specific metal SOP for quality control requirements. 

2. If a digested spike is diluted out of the working concentration 
range (too 1 ow to de teet) run a manua 1 spike. The data 1s 
acceptable if the manual spike is within acceptable ranges. If 
the manual spike fs outside the QC ranges. the sample and spike 
nust be re-digested at a dilution. 

~~11~!1-; 
Michael J. linskens 
La bora tory Manager 

K~ ~"~~ 
Kim D. Finner 
~ratory QA/QC Officer 

1.~ 
Lawrence • ndersen 
Vice President. Technical Services 

[ALM-10-19] AquDigC-3 
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AUTOANALYZER 

Scope and Application: Ions can be readily analyzed by a flow-injection 
autoanalyzer. The flow injection design gives 
the system excellent washout characteristics, to 
prevent carry over and cross contamination. The 
autoanalzyer is generally more sensitive and 
accurate than the manual wet-chemistry techniques. 

Method: Flow injection 

References: lachat Instruments. 1986. 

0 Sample Handling: See separate SOP 1 s for~requirements. 

Reagents and Appartus: 

1. lachat 3-channel autoanalyzer 
2. Stock and standard ion solutions 
3. Class A volumetric flasks 
4. Class A volumetric pipets 
S. Mfllf-Q water 
6. Required interference filters 
7. Disposable 4 mL cups 
8. Automatic sampler 
9. Proportioning pump 

10. Injection module 
11.. Colorimeters 
12. Manifolds 
13. Columns - if needed 
14. Helium gas 
15. Computer 
16. Printer 

Procedure: 

A. Instrument Set-up 

1. Depress red power switch on power strip located behind the 
computer terminal. This wfll turn on the computer. the 
screen. and the printer. 

2. Depress red power switch on rear power strip on lachat system. 

LAA-1 



Procedure: 

All glassware is to be washed with soap and water, rinsed with tap 
water, acid rinsed with 10% HN03, and final rinsed with 0.1. water. 

A. Standard Preoaration 

1. The standard curve is to consist of the following standards: 

Standard 
Concentration 

0.00 ug/l 
0.50 ug/l 
1.00 ug/l 
5.00 ug/l 

~, 10.0 ug/l 
. :;;·:i 

· ';: 2. Pipet 0, 0.5, 1.0, 5.0, and 10.0 ml aliquots of 0.10 ug/ml working 
stock mercury solution to 300 ml BOD bottles. 

·""":'\ 
. ·:~; ,).- ·, 

'\.." ., 

3. Add 0.1. water to bring volume to 100 ml and continue with the 
~igestion procedure. 

B. Sample PreParation: 

1. Transfer 100 ml, or an aliquot diluted to 100 ml, to a 300 ml BOD 
bottle. 

To Spike: Pipette 5.0 ml of 0.10 mg/l standard into the sample bottle. 
Proceed as written. 

C. Digestion: 

1. Add 5 ml cone. sulfuric acid and 2.5 ml cone. nitric acid to each 
bottle. Mix by swirling. 

2. Add 15 ml potassium permanganate solution to each bottle, mix by 
swirling. All~w to stand for at least 15 minutes. If the bottle does 
not remain pua~ie in color, additional potassium permanganate is 
required. 

3. Add 8 ml of potassium persulfate solut}on to each bottle and heat for 2 
hours in a water bath maintained at 95 C. Check the bottles 
periodically throughout the 2 hours to insure the samples remain 
purple. Add potassium permanganate if needed. 

4. Cool to room temperature. 

[INORGSOP] 
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D. Sample Analvs1s: 

1. Add 6 ml of sodium chloride-hydroxylamine hydrochloride solution to 
reduce excess permanganate. If necessary, additional amounts of sodium 
chloride hydroxylamine hydrochloride may be required to discharge the 
purple color. Swirl. 

2. 

3. 

4. 

5. 

6. 

7. 

Add 5 ml of stannous chloride solution and immediate~y insert the 
aerator, making sure that the stopper provides a goo seal. 

Press the read button. 

Record the absorbance value on the bench sheet. 

Remove the aerator, rinse aerator, and place it in the D.I. blank 
bottle. 

Allow strip recor~er to return to baseline. 

Repeat for additional samples. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain conshtent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, tubing, lamp alignment, pump, etc.) 

2. A quality control calibration standard of 0.005 mg/l is to be analyzed 
initially, and after every 10 samples. This standard is to be carried 
throu~h the digestion procedure. If less than 10 samples are analyzed, 
a cal1bration standard is still required. The last sample must be 
within acceptable ranges or the samples run after the last acceptable 
calibration standard are to be reanalyzed. Record the calibration 
standard in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and sp;ke a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike recoveries and duplicate results 
are to be within acceptable ranges or tht! u~~ of matdx modifiers, 
dilution, or method of standard additions is to be applied to reduce 
the interferences. 

[INORGSOP] 
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Calculation: 

1. Average the standard readings, subtract the absorbance of the blank 
standard from all readings. 

2. Calculate using linear regression. 

Calculate the spike recovery as follows: 

~ Recovery • ug (spike) - ug (sample) 
0.5 ug 

[INORGSOP] 
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NICKEL - VARIAN 20 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1984, Method 249.1 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract laboratory Program, •statement of Work•. 

Detection Limit: 0.04 mg/l 

Optimum Concentration Range: 0.04 - 5.00 mgJL 

Samole Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze with1n 6 months. 

Instrument Conditions: 

1. Nickel hollow cathode lamp with lamp energy set at 25. 

2. Wavelength: 232.0 nm 

3. Slit width: 0.2 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/l. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Standard Nickel Solution (100 mq/l Nickell: Pipet 10 ml of the 1000 
ppm stock nickel solution into a 100 ml volumetric flask, add 1/2 ml 
HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every 2 months.): 

[INORGSOP] 

Concentration 
of Standard 

0.50 mg/L 
1.00 mg/L 
2.00 mg/L 
5.00 mg/l 

Volume of 
Nickel Standard 

1/2 ml of 100 mg/l Ni 
1 ml of 100 mg/L Ni 
2 ml of 100 mg/l Ni 
5 ml of 100 mg/l Ni 

Ni20C-1 

Dilute 
to 

100 ml 
100 ml 
100 ml 
100 ml 
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fiQill: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. A nearby wavelength is present. Take care in selection of this 
wavelength. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If nickel is to be run in concentration mode, use the 2.00 and 
5.00 mg/L nickel standards and follow the procedure for analyzing 
in the concentration mode • 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.) 

2. A quality control calibration standard of 0.50 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The. last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within acceptable ranges or the samples run after 
the last acceptable check standard are to be reanalyzed. Record the 
calibration standards in the quality control book. The confidence 
limits are noted in the quality contra~ book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied 
to reduce the ~~~~~forenc~s. 

Calculations: 

1. Plot concentration vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[INORGSOP] 
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PQTASSIUM - VARIAN 20 

Method: Flame Emission: Direct Aspiration 

Reference: •Analytical Methods for Flame Spectrophometry, Varian 1979. 

Detection limit: 0.10 mg/l 

Ootimum Concentration Range: 0.10 - 5.00 mg/l 

Samole Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

""·, 1. Instrument mode: Emission 
/ ~ 

. -, 
':'·.'•~'-4 
·~ 1 
-...; 

2. Wavelength: 766.5 nm 

3. Slit Width: 1.0 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/l. 

Reagent Preparation: {Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Potassium Solution (100 ID9/L Potassium): Pipet 10 ml of the 
1000 ppm stock potassium solution 1nto a 100 ml volumetric flask, add 
I ml HN03, and dilute to the mark with 0.1. water • 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
gf ~tandard Pota~sium Standard to 

J. ~,; f•19/L 0 • ml ·.:. i 00 mg/L lOu mi.. ,;) 

1.00 mg/L 1 ml of lOU mg/l 100 ml-
2.00 mg/l 2 ml of 100 mg/l 100 ml 
5.00 mg/L 5 ml of 100 mg/l 100 ml 

[INORGSOP] 
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Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If potassium is to be analyzed in concentration mode, use the 1.00 
and 5.00 standards and follow the procedure for analyzing in the 
concentration mode. 

QualitY Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The emission readings should remain consistent from run to run. 
If not, necessary troubleshootin~ must be performed before continuing 
(check wavelength, flame head al1gnment, etc.) • 

.. 
2. A quality control calibration standard of 1.00 mg/l is to be analyzed, 

at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within an acceptable range or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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' 1 Method: AA - Furnace; Direct Injection 
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Reference: EPA 1984, Method 270.2 

•Analytical Methods for Zeeman Graphite Tube Atomizer•-varian, 1986 

Contract Laboratory Program, •statement of Work• 

Detection Limit: 0.002 mg/L 

Optimum Concentration Range: 0.002 - 0.050 mg/L 

Instrument Conditions: 

1. Selenium hollow cathode lamp at 10 mA. 

2. Wavelength: 196.0 nm 

3. Slit Width: 1.0 

4. Mode: Peak area 

5. HGA Furnace Programming: 

STEP NO. TEMPERATURE CCl TIME (SEC) 

1 85 5.0 
2 95 50.0 
3 120 10.0 
4 1100 10.0 
5 1100 10.0 
6 1100 2.0 
7 2500 0.8 
8 2500 2.0 
9 2700 2.0 

6. Sample Volume 20 uL 

GAS FLOW Cl/MIN) 

ON 
ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
ON 

7. Matrix modifier volume: 5 uL (11 nickel nitrate) 

8. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/L. 

Sample Handling: Acidify with nitric acid to pH< 2. Analyze within 
6 months. 

Reagent Preparation: 

1. 

[INORGSOP] 
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must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within an acceptable ran~e or 
the use of matrix modifiers, dilution, or method of standard addit1ons 
is to be applied to reduce the interferences. 

4. An EPA reference sfandard will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height) on graph . 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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( SILVER - VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 272.2 

•Analytical Methods for Zeeman Graphite Tube Atomizers•, 
Varian, 1986 

Contact laboratory Program, •statements of Work• 

Detection Limit: 0.001 mg/l 

Optimum Concentratjon Range: 0.001 - 0.010 mg/l 

Instrument Conditions: 

.. ·"'- 1. Silver hollow cathode lamp set at 4 mA. 
;#'"..;f 

~·,~;; 2. Wave 1 ength: 328 .l nm 

3. Slit Width: 0.5 

4. Mode: Peak Area 

5. HGA Furnace Programming: 

.lliR Temp (*tl 

1 85 
2 95 
3 120 
4 400 
5 400 
6 400 
7 2000 
8 2000 
9 2000 

6. Sample Volume 20 ul 

l.i.!ni Ga~ E]gw 

5 ON 
40 ON 
10 ON 
5 ON 
1 ON 
2 OFF 

0.9 OFF 
2 OFF 
2 ON 

1. Standards to use for curve set-up: 1.00, 4.00, 10.0 ug/l. 

l. 

2. Working Silver Standard ~100 ug/l Silv·erl: Pipet 10 ml of the 
1000 ug/L silver standar into a 100 ml volumetric flask and dilute to 
the mark with D.l. Prepare fresh every week. 

[INORGSOP] 
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3. Standards (Prepare fresh every week.): 

fi2.ill: 

Concentration Volume of 
of Standard Silver Standard 

1.00 ug/L 
4.00 ug/L 
10.0 ug/L 

1 ml of 100 ug/l Ag 
4 ml of 100 ug/L Ag 
10 ml of 100 ug/l Ag 

Dilute 
to 

100 ml 
100 ml 
100 ml 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. Background correction is required. 

4. The use of halide acids should be avoided. 

5. Silver standards are light sensitive and tend to plate out on the 
container walls. Silver standards-should be stored in amber bottles 
rather than plastic. 

Samole Handling: Acidify with nitric acid to pH< 2. Analyze within 
6 months. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

For concentration mode, use the 4.0 and 10.0 standards and follow 
the procedure for analyzing using the concentration mode. 

Oualitv Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

2. A quality control calibration standard of 4.0 ug/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

[INORGSOP] 
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3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within an acceptable ran~e or 
the use of matrix modifiers, dilution, or method of standard addit1ons 
is to be applied to reduce the interferences. 

4. For every sample analyzed, an analytical spike (at the bench) must be 
run to verify that standard additions are not required. 

5. An EPA reference standard will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode • 

[INORGSOP] 
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SILVER - VARIAN 20 

Method: AA - Flame: Direct Aspiration 

Reference: EPA 1984, Method 272.1 

•Analytical Methods for Flame Spectrophotometry", Varian, 1979 

Contract laboratory Program, •statement of Work". 

Detection limit: 0.01 mg/l 

Optimum Concentration Range: 0.01 - 2.00 ag/l 

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedure). Analyze within 6 months • 

Instrument Conditions: 

1. Silver hollow cathode lamp with lamp energy set at 12. 

2. Wavelength: 328.1 nm 

3. Slit Width: 0.5 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00 mg/l. 

Reagent Preoaratjon: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Silver Solution (100 ~/l Sjlverl: Pipet 10 ml of the 
1000 ppm stock silver solution nto a 100 ml volumetric flask, add 
j ml HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every 2 months.): 

[INORGSOP] 

Concentration 
of Standard 

0. 50 mg/l 
.1.00 mg/l 
2.00 mg/l 

Volume of 
Silver Standard 

0.5 ml of 100 mg/l Ag 
1 ml of 100 mg/l Ag 
2 ml of 100 mg/l Ag 

AgFJ20C-1 

Dilute 
to 

100 ml 
100 ml 
100 ml 
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f!2ill: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. · 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

5. Any groundwater samples which silver is detected, must be verified by 
furnace. (Detection limit is at the WI PAL limit.) 

1 
/\ Procedure: For the analysis procedure, refer to the Atomic Absorption 

~ ~J Spectrometry, Flame - Direct Aspiration section of this manual. 
I • 

j' 
l 

If silver is to be run in the concentration mode, use the 1.00 and 
2.00 mg/l silver standards and follow the procedure for analyzing 
in concentration mode. · 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

2. A quality control calibration standard of 0.50 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still raquired. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

[INORGSOP] 
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r Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
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MP-LDLV-MA 
PAGE: 18 of 18 
DATE: 
REPLACES: Original 
SECTION: 6004 

Where: 

As • Area of the characteristic m/z for the parameter or 
surrogate standard to be measured 

Ais • Area of the characteristic m/z for the internal standard 

Cis = Concentrations of the internal standard 

Report result is given in ~g/L without correction for recovery data. 

5.3 An estimated concentration for Non-TCL components tentatively 
identified shall be quantified by the internal standard method. For 
quantification, the nearest internal standard free of interferences 
shall be used. The formula for calculating concentrations is the 
same as in Equation 7. Total area counts (or peak heights) from the 
total ion chromatograms are to be used for both the compound to be 
measured and the internal standard. A RRF of one (1) is to be 
assumed. The value from this quantitation shall be qualified as 
estimated. This estimated concentration should be calculated for all 
tentatively identified compounds as well as those identified as 
unknowns. 

CALCULATIONS: 

Description of calculations has been included in the previous section. 
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PAGE : 19 of l8 
DATE: 
REPLACES: Original 
SECTION: 6004 

Table 5 

Characteristic Ions for Volatile Compounds 

Parameter Primary Ion Secondary Ion(s) 

Chloromethane 50 52 
Bromomethane 94 96 
Vinyl chloride 62 64 
Chloroethane 64 66 
Methylene chloride 84 49, 51, 86 
Acetone 43 58 
Carbon disulfide 76 78 
1,1-Dichloroethene 96 61. 98 
1,1-Dichloroethane 63 65, 83, 85, 98, 100 
1,2-Dichloroethene (total) 96 61, 98 
Chlorofom 83 85 
1,2-Dichloroethane 62 64, 100, 98 
2-Butanone 72 57 
1,1,1-Trichloroethane 97 99. 117. 119 
Carbon tetrachloride 117 119, 121 
Vinyl acetate 43 86 
Bromodichloromethane 83 85 
1,1,2,2-Tetrachloroethane 83 85, 131' 133, 166 
1,2-Dichloropropane 63 65, 114 
trans-1,3-Dichloropropene 75 71 
Trichloroethene 130 95, 97, 132 
Oibromochloromethane 129 208, 206 
1,1,2-Trichloroethane 97 83, 85, 99, 132. 134 
Benzene 78 
cis-1,3-Dichloropropene 75 71 
Bromofom 173 111 • 115. 250. 252, 254, 
2-Hexanone 43 58. 57. 100 
4-Methyl-2-pentanone 43 58, 100 
Tetrachloroethene 164 129, 131, 166 
Toluene 92 91 
Chlorobenzene 112 114 
Ethyl benzene 106 91 
Styrene 104 78, 103 
Total xylenes 106 91 

a The primary ion should be used unless interferences are present, in which 
case, a secondary ion may be used. 
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1 Parameter 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
t,2-D1chloroethene (total) 
Chloroform 
1,2~Dichloroethane 
2-Butanonea 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Oibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethyl vinyl ether 
Bromoform 
2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

Table 6 

Analytes and Detection Limits 
by GC-MS Method 

CAS Number 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-35-3 

156-60-5 
67-66-3 

107-06-2 
7B-93-3 
71-55-6 
56-23-5 

108-05-4 
75-27-4 
79-34-5 
78-87-5 

10061-02-6 
79-01-6 

124-48-1 
79-00-5 
71-43-2 

10061-01-5 
110-75-8 
75-25-2 

591-78-6 
108-10-1 
127-18-4 
108-88-3 
108-90-7 
100-41-4 
100-42-5 

a Based on laboratory experience. 
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Detection Limits 
Water Cvg/l) 

• 712 
.223 
.423 
.924 
.747 
.697 
.255 
.2B9 
.238 
.217 
.269 
.660 

5.0 
.876 
:303 

1.100 
.279 
.392 
.309 
.240 
.206 
.268 
.262 
.248 
.385 
.355 
.684 
.479 
.541 
.336 
.244 
.182 
.876 
.266 
.741 
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Table 1 

Precision and Accuracy Data Low Level 
(25 mL Sample Purge) 

MP-LDLV-MA 
PAGE: 21 of 18 
DATE: 
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SECTION: 6004 

GCMS Volatiles 

. Standard 
Spike Level Average Recovery Deviation 

Compound _{_,a!llll_ _{_)lg/L) (%) ( ll9.ill 

Chloromethane 1.0 0.806 80.6 0.237 
8romomethane 1.0 0.904 90.4 0.0743 
Vinyl Chloride 1.0 0.788 78.8 0.141 
Chloroethane 1.0 1.14 114 0.308 
Methylene Chloride 1.0 .1 .32 132 0.249 
Acetone 1.0 1.48 148 0.232 
Carbon Disulfide 1.0 1.05 105 0.0851 
1,1-Dichloroet~ene 1.0 0.881 88.1 0.0963 
1,1-Dichloroethane 1.0 0.917 91.7 0.0793 
Total 1,2-Dichloroethene 1.0 0.930 93 0.0122 
Chloroform 1.0 1.05 105 0.0897 
1,2-Dichloroethane 1.0 0.89 89.4 0.220 
2-Butanone NO NO NO NO 
1,1,1-Trichloroethane 1.0 0.917 91.7 0.292 
Carbon Tetrachloride 1.0 0.836 83.6 0.101 
Vinyl Acetate 1.0 1.31 131 0.367 
Bromod1ch1oromethane 1.0 0.948 94.8 0.0958 
1,2-Dichloropropane 1.0 0.952 95.2 0.103 
Trans-1,3-Dichloropropene 0.78 0.746 95.7 0.0799 
Trichloroethene 1.0 0.924 92.4 0.0686 
Dibromochloromethane 1.0 0.997 99.7 0.0892 
1,1,2-Trichloroethane 1.0 1.00 100 0.0875 
Benzene 1.0 0.954 95.4 0.0828 
Cis-1,3-Dichloropropene 1.22 1.09 89.3 0.128 
2-Chloroethyl vinyl ether 1.0 0.925 92.5 0.108 
Bromoform 1.0 0.958 95.8 0.228 
4-Methyl-2-Pentanone 1.0 1.15 115 0.180 
2-Hexanone 1.0 0.916 91.6 0.160 
Tetrachloroethene 1.0 0.911 91.1 0.112 
1,1,2,2-Tetrachloroethane 1.0 0.968 96.8 0.130 
Toluene 1.0 0.952 95.2 0.0814 
Chlorobenzene 1.0 0.986 98.6 0.0&06 
Ethyl benzene 1.0 0.854 85.4 0.292 
Styrene 1.0 1.05 105 0.0888 
Total xylenes 1.0 0.967 96.7 0.247 

NO = Not Determined 
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APPENDIX F 

WARZYN ENGINEERING INC. LABORATORIES 

STANDARD OPERATING PROCEDURES 

USING NON-CLP PROTOCOLS 

·) 
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ANALYTICAL METHODS USED BY WARZYN 
FOR THE AMERICAN CHEMICAL SERVICES RI/FS 

The following are standard operating procedures for analyses to be performed 
by Warzyn on samples from The American Chemical Services Site. Methods list 
detection limits and numbers of quality control (QC) samples to be performed, 
but do not specify performance standards. The following table lists frequency 
and performance standards for QC samples. If QC samples do not meet 
performance standards, the samples are to be reanalyzed. If a QC sample is 
out-of-control, Warzyn will follow the following flow scheme. Out-of-control 
samples will be re-analyzed immediately. If the re-analysis of the sample 
remains out-of-control, the data will be flagged and the Warzyn Project 
Manager notified. When an analyte concentration exceeds the calibrated range, 
re-analysis of th~ prepared sample after appropriate dilution is required. If 
standards still are not met, the laboratory QA officer is to be notified. 
Methods for metals include flame and furnace SOPs for certain parameters. The 
appropriate method will be used to achieve desired detection limits. Arsenic 
and selenium will be performed by furnace techniques. Aqueous samples for 
other analytes will be analyzed by AA-flame, furnace or cold vapor 
methodologies. Non-aqueous samples will employ AA-flame or cold vapor 
techniques. 

Standards at the detection limit (DL) are included in SOPs for sulfate, 
chloride and alkaJinity. The standards will not be used for instrument 
calibration, but will be used as a quality control sample to verify the OL. 
The DL standard will be analyzed at the beginning of each run. Results will 
be considered acceptable if within plus or minus the standard will be run. If 
data are still not acceptable, troubleshooting and/or recalibration will be 
performed. 

Results for all analyses performed by Warzyn will be reported in mg/L. 

[skb-400-71] 



• ' . 

") 
.__/ 

-------

---~---- ------~~~-------

-2-

QUALITY CONTROL REQUIREMENTS FOR ANALYSES PERFORMED 
BY WARZYN AT THE AMERICAN CHEMICAL SERVICES SITE (Continued) 

Attachment 1 

PARMETER AUDIT 

Metals-all matrices Lab blank 
(except Hg) 

Mercury-all 
matrices 

Chloride 

Duplicate 

Calibration 
check STD 

Matrix spike 

EPA QC Reference 
STD 

Lab blank 

Duplicate 

Calibration 
check STD 

Matrix spike 

EPA QC Reference 
STD 

Lab blank 

Check standard 

Duplicate 

Matrix spike 

EPA QC Reference 
Standard 

FREQUENCY* 

1 per 10 

1 per 10 samples 

1 per 10 samples 
and end of run 

1 per 10 samples 

1 per set 

1 per 10 

1 per 10 samples 

1 per 10 samples 
and end of run 

1 per 10 samples 

1 per set 

1 per 10 

1 per 10 samples 
and end of run 

1 per 10 samples 

1 per 10 samples 

1 per set 

LIMITS 

<detection limit 

<1~ RPD or <detection 
limit 

90-1101 recovery 

85-1151 recovery 

951 confidence 
interval 

<detection limit 

<lOS RPD or <detection 
limit 

85-1151 recovery 

85-1151 recovery 

951 confidence interval 

<1 mg/1 

90-1101 recovery 

<101 RPD or <1 mg/l 

85-1151 recovery 

95% confidence 
interval 
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QUALITY CONTROL REQUIREMENTS FOR ANALYSES PERFORMED 

BY WARZYN AT THE AMERICAN CHEMICAL SERVICES SITE (Continued) 

Total Alkalinity Lab Blank 1 per 10 <5 mg/L 

Check standard 1 per 10 samples 90-1101 recovery 

and end of run 

Duplicate 1 per 10 suples <101 RPD or <5 mg/L 

Matrix spike 1 per 10 samples 85-1151 recovery 

EPA QC Reference 1 per set 951 confidence 

STD 
interval 

0 COD 
lab blank 1 per 10 • <20 mg/l 

Duplicate 1 per 10 samples <lOS RPD or <20 mg/l 
'-" 

Calibration 1 per 10 samples 90-llOS recovery 

check STD and end of run 

Matrix spike 1 per 10 samples 85-1151 recovery 

EPA QC Reference 1 per set 951 confidence 

STD 
interval 

NH3-N lab blank 1 per 10 <0.10 mg/l 

•;3 ·~ ... -···. 
Duplicate 1 per 10 samples <lOS RPD or <0.10 mg/l 

Calibration 1 per 10 samples 90-110S recovery 

check STD and end of run 
--~ 

Matrix spike 1 per 10 samples 85-1151 recovery 

EPA QC Reference 1 per set 951 confidence 

STD 
interval 

N03+N02-N lab blank 1 per 10 <0.02 mg/1 

Check standard 1 per 10 samples 90-110% recovery 
and end of run 

Duplicate 1 per 10 samples <10% RPD or <0.02 mg/l 

Matrix spike 1 per 10 samples 85-115% recovery 

EPA QC Reference 1 per set 951 confidence 

Standard interval 
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QUALITY CONTROL REQUIREMENTS FOR ANALYSES PERFORMED 
BY WARZYN AT THE AMERICAN CHEMICAL SERVICES SITE (Continued) 

S04 Lab Blank 1 per 10 <5 mg/L 

Check standard 1 per 10 samples 90-1101 recovery 
and end of run 

Duplicate 1 per 10 samples <101 RPD or <5 mg/L 

Matrix spike 1 per 10 samples 85-1151 recovery 

EPA QC Reference 1 per set 951 confidence 
STD interval 

...---.-. 
'·0.i) Total Cyanide Lab blank 1 per 10 < 0.01 mg/L 

-... Duplicate 1 per 10 lOS RPD or <0.01 mg/L 

Calibration l per 10 and 85-1151 recovery 
check STD end of set 

Matrix spike 1 per 10 85-1151 recovery 

EPA QC Reference 1 per set 951 confidence 

' 
interval 

STD 

TOC Lab blank 1 per 10 < 1.0 mg/L 

~""-' Duplicate 1 per 10 lOS RPD or <1.0 mg/L . . ) 
'~.--

Calibration 1 per 10 and 85-1151 recovery 
"--' C.ut:.:k STD end of set 

Matrix spike 1 per 10 85-1151 recovery 

EPA QC Reference 1 per set 951 confidence 
interval 

TDS Lab blank 1 per 10 <10 mg/L 
( 

~ Duplicate 1 per 10 samples 10% RPD or <10 mg/L 

EPA QC Reference 1 per set 95% confidence 
STD interval 
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QUALITY CONTROL REQUIREMENTS FOR ANALYSES PERFORMED 
BY WARZYN AT THE AMERICAN CHEMICAL SERVICES SITE (Continued} 

TSS 

Grain size 

Atterburg Limits 

Permeability 

~ Cation Exchange 
'c'J Capacity 

Lab blank 1 per 10 

Duplicate 1 per 10 

EPA QC Reference 1 per set 
STD 

Lab Duplicate 1 per 10 

Lab Duplicate 1 per 10 

Field Duplicate 1 per 10 

Lab Duplicate 1 per 10 

*Frequencies apply to each matrix individually. 

::"~\ 
.. ') -........ __ ,., 
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<2 mg/L 

10 RPD or <2 mg/L 

951 confidence 
interval 

101 RPD or <21 by weight 

101 RPD or <21 by weight 

501 RPD 

151 RPD 
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INTERNAL AUDIT PROCEDURES CHECKLIST 

WARZYN ENGINEERING INC. LABORATORIES 
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Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

lABORATORY CHECKLIST 

1. Is there a laboratory procedures manual? 

Coments =-------------------

2. Is there a laboratory quality control procedure? 
Coments: _____________________ ___ 

3. Is there a person who reviews that QC and QA in the lab 
(i.e., QC Officer)? 
Comments: _______________________ ___ 

4. Is there a procedure for the development and review of 
1 aboratory procedures?·· 
Comments: _____________________________ ___ 

5. Are procedures updated/reviewed at a set interval? 
Comments: _______________________ __ 

6. Is the procedure status log current? 

7. 

8. 

Comments: ___________________ ___ 

Is there documentation that each analyst has read and 
understood each procedure that is applicable to their 
job requirements? 

Comments=-----------------------

Is there a documentation system that records the 
analyst's proficiency in the manipulation of laboratory 
equipment and techniques reguired in analyses, and that 
he is knowledgeable and skilled in performing the 
analyses for which he is responsible? 
Comments: _____________________ ___ 



Yes_ No_ What is the system? 
Co~nts: __________________________________ ___ 

Yes_ No_ 9. Is there a written training procedure for new analysts? 
Co~nts: ____________________________________ _ 

Yes_ No_ 10. Does the laboratory have QC charts for each parameter 
for each type of control sample? . 

a. ouvlicate 
b. Sp it 
c. Spiked 
d. Preservative blanks 

: ·f':i Comments: 

"--' 

Yes - No_ 11. Are the QC chart limits± 2SD for warning limits; X± 
3SD for control limits? 

Co~nts: 

Yes - No_ 12. Are replicate analyses (7) run annually for all 
parameters? 

a. Precision 
b. Accuracy 

-\ Comments: 
) . _ _, 

, ......... 
Yes - No_ 13. Are charts current? 

Comments: 



(. 

l 
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Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

14. The percent of laboratory resources devoted to QC and QA 
is: 

a. 0 - 51 
b. 5 - 101 
c. 10 - 20% 
d. >20% 
Comments: __________________________________ ___ 

15. Does the laboratory participate in any •round robin• 
split and/or performance sample programs? 
Note: List and indicate results. 
Comments: __________________________________ ___ 

16. Are externally prepared performance standards obtained 
from the EPA analyzed yearly for each parameter? 
list. 
Comments: _________________________________ ___ 

17A. Is there a written procedure for cleaning sampling 
equipment and containers? 
Comments: __________________________________ ___ 

178. Does this procedure include the collection of blank 
samples from collection equipment to assure/document 
that equipment will not contaminate samples? 

Comments=------------------------------------

17C. Are blank samples collected routinely from cleaned 
sample containers to assure/document efficiency of 
cleaning? 
Comments: _________________________________ ___ 



Yes_ No - 18. Is there a procedure for data reporting? 

Conaents: 

. -
Yes - No_ 19. Do the final data reports indicate if there were 

variations in the parameter-specific holding times? 

Connents: 

Yes_ No - 20. Is there a written procedure for: 

a. Significant figures? 
b. Rounding off? 
c. Calculation rounding? 

f l Coments: ·Q , .• :..._."*"'_· 
-.~ 

..__ 
Yes No 21. Are data and laborator' records kept for a specified - - length of time (i.e., PDES: 3 years)? 

Connents: 

Yes - No_ 22. Are log books: 

a. bound? 
b. pa~es numbered? 
c. da ed and signed? 
d. reviewed? 

.') 
Convnents: 

.. .__../ 

·-------
Yes_ No_ 23. Are laboratory notebooks: 

a. properly stored? 
b. properly labelled? 
c. complete/accurate? 

Co11111ents: 



Yes_ NiL 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

24. Are the field data logbooks complete and current? 
Comments: _________________________________ ___ 

25. Are the receiving logbooks complete and curre~t? 
Comments: _______________________________ ~---

26. Are calibration reagents of unimpeachable purity and 
product quality as required by each analysis? 

Sources List (NBS) 

a. weights 
b. certified thermometers 
c. filter, etc. 
Comments: ___________________________________ _ 

27. Is there a procedure to assure that reagents and 
chemicals Reagent blanks, method blanks checked 1001 
against specification quality? 
Co~nts: ____________________________________ _ 

28. Are NBS standard reference N/A to most environmental 
analyses materials used as a routine part of calibration 
and QC program? 
Comments: _________________________________ __ 

29. Are chemicals properly stored to assure quality? 
Comments: ____________________________ _ 

30. Are there written requirements for all analytical 
instruments for: 

a. daily warmup? 
b. standardization? 
c. calibration? 
d. optimization procedures 
e. maintenance? 
f. documentation (logs)? 
g. replacement, cleaning, checks, adjustment by 

laboratory staff and/or service personnel? 



Yes_ No_ 

Yes_ No_ 

. '--"" 

31A. Is there a written calibration procedure for all 
measuring and test equipment? 

B. Does this procedure specify use criteria? 

C. Are calibration standard, reagents, and accessory 
equipment listed? 

D. Does the procedure s~ec1fy the documentation used in 
maintenance logbook? 

Comments: ____________________________________ _ 

32. Are all instruments tagged with date of last calibration, 
calibrator, and due date for next calibration? 
Comments: ____________________________________ _ 
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LABORATORY CUSTODY AND DOCUMENTATION CHECKLIST 

SIGNATURE OF AUDITOR -----­

LABORATORY ---------­

DATE OF AUDIT -------

LABORATORY LOCATION -------------------­
PROJECT IN EFFECT --------------------

1. Name of Sample Custodian and other personnel responsible for sample 
receipt and document control. 

·~ ~ 2. Where are the Sample Custodian's procedures and responsibilities 
. "~·~' documented? 

·'i\ 
'.J 

3. Where are written Standard Operating Procedures (SOPs) pertaining to 
receipt of samples documented (laboratory manual, written instructions, 
etc.)? 

4. Where is the receipt of Chain-of-Custody Record(s) with samples being 
documented? 

5. Review sam~le receipt documentation to assure that the nonreceipt 
of Chain-of-Custody record(s) with samples being documented. 

6. Where is the inte~rity of the shipping container(s) being documented 
(custody seal(s) 1ntact, container locked or sealed properly, etc.)? 
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7. Review the sample receipt documentation to assure that the lac~ of 
integrity of the shipping container(s) is being documented (i.e. 
evidence of tampering, custody seals broken or damaged, loclts uniocked 
or missing, etc.)? 

8. Determine by asking the Sam,le Custgdian or reviewing the laboratory SOP 
manual, if agreement among oras, Cain-of-Custody records, and sample 
tags is being verified? State source of information. 

9. Where is the agreement or nonagreement verification (#8) being 
documented? 

10. Review sample receipt documentation to assure that sample tag numbers 
are recorded by the Sample Custodian? 

11. Where are written Standard Qperating Procedures (SOPs) pertaining to 
sample storage documented (laboratory manual, wr1tten instructions, 
etc.)? 

12a. Do written SOPs and actual laboratory oractices demonstrate laboratory 
~ security? 

12b. Describe sample stora~e area (upright refrigerator in GC lab, walk-in 
cooler in sample rece1ving area, etc.). 



13. How is sample identification maintained? 

14. How is sample extract (or inorganics concentrate) identification 
maintained? 

15. How are samples that require preservation stored to maintain their 
preservation? 

16. Are written Standard Operating Procedures (SOPs) pertaining to sample 
handling and tracking documented? 

17. What laboratory records are used to record personnel receiving and 
transferring samples in the laboratory? 

18. Affirm that each instrument used for sample analysis (GC, GC/MS, AA, 
etc.) has an instrument log? List those instruments which do not. 

19. Determine where analytical methods are documented and ask if methods are 
available to the analysts? 

20. Determine where quality assurance procedures are documented and ask if 
procedures are available to the analysts? 

-_J 



21. How are written Standard Operating Procedures (SOPs) for compiling and 
maintaining sample document files documented? 

22. How are sample documents filed (by project number, internal laboratory 
number, batch number, sample number, etc.)? 

23. Review sample document files to determine if a document file inventory 
is prepared for each project file. 

24. Review sample document files to determine if all documents in the case 
files are consecutively numbered according to the file inventories. 

25. Observe the document file storage area to determine if the laboratory 
document files are stored in a secure area. 

26. Has the laboratory received any confidential documents? 

Complete questions 27, 28 and 29 QMLl if the response to question 26 was lli· 

27. Review the project files to assure that confidential documents are 
segregated from other laboratory documents. 

28. Review the project files to assure that confidential documents are 
stored in a secure manner. 
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29. Review recommendations from the previous audit to determine if the 
recommendations have been implemented. If not, the recommendations 
should be repeated and the laboratory director and the Project Officer 
should be notified. 



PROJECT DOCUMENT AUDIT CHECKLIST 

PROJECT NO. ---------­
PROJECT LOCATION -------­
FILE LOCATION ---------

DATE OF AUDIT ------­
SIGNATURE OF AUDITOR ----

Yes_ No_ 1. Have individual files been assembled (field 
investigation, laboratory, other)? 
Comments: _________________ _ 

.,~ Yes_ No_ 
-~ 2. Is each file inventoried? 

Co11111ents: _________________ _ 

Yes_ No_ 3. Is there a list of accountable documents? 
Co11111ents: _________________ _ 

Yes - No - 4. Are all accountable documents present or accounted for? 

:') Co11111ents: 

._/ 

Yes - No - 5. Is a document numbering system used? 

Comments: 



Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

Yes - No_ 

CJ 

Yes - No -

6. Has each document been assigned a document control 
number? 

Co11111ents =-------------------

7. Are all documents listed on the inventory accounted for? 
Coments: ______________________ __ 

8. Are there any documents in the file which are not on the 
inventory? 

Co11111ents =--------------------

9. Is the file stored in a secure area? 
Co11111ents: _____________________ __ 

10. Are there any project documents which have been declared 
confidential? 

Co11111ents: 

11. Are confidential documents stored in a secure area 
separate from other project documents? 

Co11111ents: 

·-__./ 



Yes_ No_ 

Yes_ No_ 

Yes_ No_ 

:) 

~ 

Yes_ No_ 

Yes_ No_ 

12. Is access to confidential files restricted? 
Comments: _________________ _ 

13. Have confidential documents been marked or stamped 
•confidential•? 
Comments: _________________________ ___ 

14. Is confidential information inventoried? 

Comments: 

15. Is confidential information numbered for document 
control? 

Conrnents: 

16. Have any documents been claimed confidential under TSCA? 
Comments: _________________________ _ 



ScoPe and APplication: 

ATOMIC ABSORPTION SPECTROMETRY 
-

Furnace - Direct Injection 

Metals in solution can be readily analyzed by Atomic 
Absorption Spectrometry using either flame, furnace or 
hydride techniques. The furnace - direct injection 
technique allows for lower detection limits. The use 
of the graphite platform in furnace analyzed can 
improve sensitivity and reduce some matrix 
interferences. 

Method: Furnace; direct injection 

Reference: EPA 1984, Section 200 

- Analytical Methods for Zeeman Graphite Tube Atomizers ·- Varian 1986 
~ 

- Spectra AA - 300/400 Zeeman Operation Manual - Varian March 1988 

Sample Handling: Acidify with concentrated nitric acid to ph< 2. Drinking 
waters and filtered groundwater samples free of particulate 
matters and organics may be analyzed directly, while 
wastewaters, leachates, solids, etc., must be digested prior 
to analysis (refer to appropriate d4gestion procedures). 
Samples must be analyzed within 6 months. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

Zeeman Automatic Absorption Spectrometer - 400 
Zeeman Graphite tube Atomizer 
IBM Personal System/2 Model 30 Computer 
EPSON EX-800 Printer 
Required metal lamp and. power source 
Stock and standar1 solutions for required metal 
Class A volumetric glassware 
Instr-analyzed nitric acid 
Deionized water 
Argon gas - prepurified 
Graphite partition tubes 
Graphite plateau tubes and platforms 
Eppendorf 100-1000 microliter pipetor 
Disposable 10 ml beakers 

[V-INORGSOP] 400FU-1 
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Procedure: 

A. Power Up Procedure 

1. Turn on argon gas and cooling water. 

2. Always turn the systa. on in the following order: spectrometer, 
furnace, printer, and computer. 

3. After the DOS prompt has been displayed, type •zeeman• and press 
Enter. After a brief pause, an introductory message will then be 
displayed followed by the PROGRAM MODES page. You may now proceed 
to operate the system. 

B. Automatic Run Using the Sampler 

Notes: 

a. Only programs which have been stored can be used for an automatic 
run. 

b. For all programs, the method of sample instruction-CINSTRUMENT 
PARAMETERS page} must be specified as SAMPLER AUTOHlXING or 
SAMPLER PREMIXED. 

c. You may print your analytical results during the run or after the 
run (REPORT FORMAT). 

d. If an automatic run is stopped and then restarted, the sampler 
will automatically perform a tube clean and run a blank. It will 
then continue on a~ per the instructions set in the SEQUENCE 
CONTROL page. 

F9 through F12 are hard keys with their function on the supplied overlay. Fl 
through F6 are soft keys; their functions will change from one page to the 
next. The function for each soft key is displayed at the bottom of the screen 
and only those displayed are active for that page. 

1. From the PROGRAM MODES page, press AUTOMATIC RUN. (The system will 
automatically dis,lay the SEQUENCE SELECTION page). 

2. On the SEQUENCE SELECTION page, press Fl to Clear Sequence of previous 
element run. Then enter the numbers of the programs to be run. If 
more than one program is to be run, press ENTER after each element 
program number. 

[V-INORGSOP] 400FU-2 
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3. Return to the index and select p. 4 (INSTRUMENT PARAMETERS): 

Lamp position: 
Lamp current: 
Slit Width: 
Slit Height: 
Wave Length 
Sample Introduction: 
Measurement Time: 
Replicates: 
Background Correction: 
Max. Absorbance: 

The machine will automatically select the basic operating conditions 
set in the method for the element that you are selecting. Parameters 
may be changed by pressing the HOME key. 

4. Return to the Index and select page 6 (OPTIMIZATION) 

a. Open the lamp turret cover and.ensure that the required lamp is in 
the operating position. . 

b. Observe the signal bar labelled ALIGN HC LAMP displayed on the 
video screen. Turn the horizontal lamp base adjusting screw (the 
top one of the two) fully clockwise. Now turn this screw slowly 
anti-clockwise unt~l the first peak is detected (the length of the 
signal bar will increase). Continue adjusting this screw until 
the length of the signal bar is the maximum obtainable (if the 
si~nal bar is fully extended, press the RESCALE soft key [Fl] to 
br1ng the signal bar back on scale and again adjust the screw to 
obtain maximum si~nal. Note particularly that turning the 
horizontal adjust1ng screw further anti-clockwise will produce a 
second peak. DO NOT align the lamp on this second peak - AlWAYS 
align the lamp on the first peak. Carefully adjust the vertical 
adjusting screw (the bottom one of the two) so that the length of 
the signal bar is the maximum obtainable (lf necessary, use the 
RESCALE soft key to keep th~ signal bar on scale.) 

c. When switching from partition to platform tubes, you need to check 
the position of the graphite tube automizer: 

[V-INORGSOP] 

Hold a piece of white care between the righthand end of the 
graphite tube automizer and the sample compartment window. Use 
the furnace vertical adjust and position the automizer until light 
from the hollow certhode lamp is obviously passing through the 
graphite tube on to the card. 

400FU-3 
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Remove the card. Observe the signal bar labelled ALIGN HC LAMP 
displayed on the video screen. Use the furnace vertical adjust 
and carefully adjust the position of the graphite tube automizer 
until the length of the signal bar is the maximum obtainable. 

5. Perform daily maintenance. Check the condition of the graphite tube 
and replace as necessary. 

6. Go the the next page: STANDARDS PAGE. 

a. This page tells which standards to use for calibration. 

7. Go the next page: SAMPLER PAGE. 

a. This page lists the volume of standards, blanks, samples and 
modifier that will be used. 

b. Press F2 to align the sampler arm. Place a finger on the arm as 
it starts to descend into the furnace and gently lower the arm by 
hand. Carefully adjust the sampler position using the two 
adjustment knobs on the base of the autosampler so that the 
capillary is exactly in the center of the sample injection hole. 
With the capillary down in the furnace and using the mirror, turn 
the height adjusting screw so the capillary is about 1 mm above 
the bottom of the tube or platform. 

8. Return to INDEX, type 13 and press F6 to call up REPORT FORMAT. 

a. Enter: 

- Operator Initials: 
- Date: 
- Batch Name: 

Use HOME key to select appropriate conditions for remaining 
parameters. 

If sample labels are to be printed, press F6 and enter appropriate 
labels. 

9. Press FlO for Instrument Zero before the start of a run. 

10. Press Fll to start Automatic Run. 

[V-INORGSOP] 400FU-4 
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FURNACE MAINTENANCE 

The following maintenance is to be done each day the furnace is operated. 

1. Clean the furnace windows. 

a. twist out furnace windows from furnace unit. 

b. Wipe windows with Q-tip soaked with alcohol. 

c. Rinse with DI water and dry with Kim-wipe 

d. Re-insert windows in furnace. 

2. Check machine windows and clean if needed. 

' ~ 3. Wipe inside of furnace with Q-tip soaked in alcohol. 

4. Fill the rinse bottle with 01 water • 
.. 

5. Open the syringe compartment door and pull the syringe assembly 
carefully out of its mounting. Remove the plunger from the syringe, 
and on SAMPLER page, press F3 to rinse the syringe and bleed any air 
bubbles from the syringe. Press F3 and rinse again, while water is 
dripping from syringe insert the plunger into the syringe. Wipe the 
syringe dry and re-insert. 

6. Inserting GraPhite Tube 

a. Swing toggle level on top of furnace fully clockwise to open 
furnace. 

b. Place graphite tube in the graphite shroud in the center block. 
Align sample introduction part of the graphite tube with the 
opening in the furnace block. 

c. Swing the toggle lever fully counter-clockwise and the righthand 
electrode assembly will automatically close on the center block. 

d. Before using a new graphite tube for analyses, use the tube clean 
utility (SIGNAL GRAPHICS page) 3-4 times to remove any 
contamination. 

[V-INORGSOP] 400FU-5 
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Scooe and Aop11cation: 

ATOMIC ABSORPTION SPECTROMETRY 
FLAM[ - DIRECT ASPIRATION 

Metals in solution can be readily analyzed by Atomic 
Absorption Spectrometry using either flame or furnace 
techniques. The flame-direct aspiration can be used 
for most metals but is generally not as sensitive as 
the furnace .ethod. Both the air-acetylene and 
nitrous oxide-acetylene flame techniques are described 
in this operating procedure as well as the use of 
emission spectroscopy. 

Method: Flame; direct aspiration 

Reference: EPA 1984, Section 200 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Spectr AA- 10/20 Operation Manual, Varian 

Samole Handling: Acidify with concentrated nitric acid to pH<2. Drinking 
waters and filtered groundwater free of particulate matter 
and organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to analysis 
(refer to appropriate digestion procedures). Samples must 
be analyzed within 6 months from sampling date. 

I 
Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

Varian Spectr AA-20 
Stock and standard metal solutions 
class A volumetric glassware 
Instra-analyzed nitric acid 
Deionized (D.I.) water 
Hollow cathode element lamps 
Disposable 10 ml beakers 
Ep~endorf 100-1000 ul pipetter· 
Oxford 5 or 10 ml pipetter 
Acetylene gas 
Air supply 
Nitrous oxide gas 
Air-acetylene burner head or nitrous oxide-acetylene burner head 
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ktJm: 
1. Power on instrument. The computer will automatically start with a 

memory check. When the first screen appears, it is ready to operate. 

Note: Allow instrument a 1/2 hour warm up period for electronic and 
optical co.ponents to achieve ther.al equilibrium before 
beginning analysts. 

2. Power on printer. Check the paper supply. 

3. Install the desired element lamp in the lamp turret by depressing the 
middle white button behind the socket, inserting the lamp, and 
releasing the button. Ensure that the lamp is secure anij that the 
connections are fitting properly. 

Note: Allow lamp a 10-15 minute warm up period before beginning 
analysis. 

Procedure: 

This procedure will outline an analysis as it would be run following 
the instructions given on se9uential computer screens. Note: Any 
time during setup the •Index key can be used to go to any screen in 
the software. . 

1. Soft key selections allow the operator to develop program, modify 
program, or automatic run. The typical analysis will be run by 
selecting •Automatic Run.• 

Note: After completing required information on the present screen 
use the soft keys to call up the next screen. 

2. •sequence Selection•. This screen lists the programs on file. Use 
the •clear Sequence• soft key to erase the last sequence used, type 
in the number corresponding to the program desired, and pres~ 
•sequence Selection• soft key. This will automatically recall the 
program. 

3. •sequence Control•. The screen is used for autosampler control only. 
Go to next screen by pressing •Report Format• soft key. 

4. Use cursor arrows and numeric keys to enter operator and date. The 
•Home• key is used to change entries of other parameters. 
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5. •sample labels•. Use the cursor arrows and numeric keys to enter 
labels. 

Note: Sample labels will only be printed if the automatic run is 
used. 

6. •optimization•. This screen is used to optimize wavelength and lamp 
position. 

a. Ensure lamp is located correctly and is on (lamp 1s automatically 
turned on when program is called up). 

b. Select proper slit width. 

c. Release brake (•off•) and set approximate wavelength. Set brake 
(•on•) and fine-tune the wavelength to achieve maximum intensity 
on HCl bar graph. •Rescale• (soft key) as often as necessary to 
keep graph on scale. 

d. Optimize lamp position by adjusting the adjusting screws on back 
of the lamp socket. Adjust for maximum intensity on the bar 
graph. •Rescale• as often as necessary. 

e. If background is used, adjust maximum intensity on background bar 
graph by 2 set screws on the background corrector housing. Set 
attenuator (•In• or •out•) if necessary. •Rescale• if 
necessary. 

Note: HCl and background lamp intensities should match as closely as 
possible. The attenuator will cut down background intensity. 
A lower lamp current will lower its intensity. 

7. Flame Ignition 

a. Turn on compressed air to 50 psi (35-65 psi) 

b. Turn on a~~~ylene tank, pressure should be 7-15 psi. 

c. Turn on nitrous oxide tank (if necessary - the proper burner head­
must be in place for ignition to occur). Tank pressure should be 
50 psi (35-65 psi). 

d. Press •Ignite•. key and hold down until flame ignites. 

Note: let burner head wam to equilibrium before analysis; 5 to 
10 minutes for an air-acetylene flame, 10 to 15 minutes for a 
nitrous oxide-acetylene flame. 
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8. Signal Optimization 

9. 

a. Press •signal Optimization• soft key on optimization screen. 

b. Adjust burner head using 2 adjusting screws and rotation lever 
for maximum intensity while aspirating a high standard. 

c. Adjust the nebulizer/glass bead by slowly turning the screw' 
directly below the nebulizer. 

Flame Emission Procedures 

a. In this method, no element lamp or background correction is used. 
Burner head position and wavelength are optimized while 
aspirating the highest working standard. 

b. Turn the burner head full right or left (approximately JOO 
angle). 

c. Select optimization screen. ~ 

d. Adjust wavelength for maximum intensity. 

e. Press •Emission Setup• soft key. 

f. Continue with automatic/non-auto run. 

10. Automatic Run (no autosampler) 

Note: Only pre-existing programs can be used. 

a. Press •start• key to initialize run. Once a run is started, it 
can be paused by pressing the •stop• key, but none of the program 
parameters can be changed. 

b. Press •Instrument Zero• key after program has been recalled to 
establish a ,~ro instrument baseline. 

c. Aspirate standards or sample and press •Read•. The instrument 
will display the std #/sample I on the top of the screen, along 
with the absorbance. 

d. The •Previous Sample•J•Next Sample• soft keys can be used to 
repeat a specific analysis or move ahead in the sample order 
•solution type• can be used to restandardize by starting at 
•bl ank•. 
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SODIUM - VARIAN 20 

Method: Flame Emission: Direct Aspiration 

Reference: •Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract Laboratory Program, •statement of Work•. 

Detection Limit: 1.0 mg/L 

Qptimum Concentration Range: 1.0 - 100 mg/L 

Samcle Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze withfn 6 months. 

Instrument Conditions: 

Q 1. Set signal to emission. (No lamp is required.) 

·'·3 .. 

~ 

2. Wavelength: 589.0 nm 

3. Slit Width: 0.2 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 1.0, 5.0, 10.0, 25.0, 50.0, 75.0, 
100.0 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Standard Sodium Solution (100 mq/l Sodium): Pipet 10 ml of the 
1000 ppm stock sodium solution 1nto a 100 ml volumetric flask, add 
l ml HN03, and dilute to the mark with D.l. water. 

2. Standards (Prepare fresh every 2 months.): 

Concentration Volume of Dilute 
of Standard Sodium Standard to 

1.0 mg/l 1 ml of 100 mg/l Na 100 ml 
5.0 mg/l 5 ml of 100 mg/l Na 100 ml 

10.0 mg/L 1 ml of 1000 mg/l Na 100 ml 
25.0 mg/L 2.5 ml of 1000 mg/l Na 100 ml 
50.0 mg/L 5 ml of 1000 mg/l Na 100 ml 
75.0 mg/L 7.5 ml of 1000 mg/l Na 100 ml 

100.0 mg/l 10 ml of 1000 mg/l Na 100 ml 
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IJ2tn: 
1. Samples must be diluted to obtain concentrations within the optimum 

concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometryi Flame - Direct Aspiration section of this manual 
make the fol owing changes: 

1. Turn the burner head counter clockwise as far as it will go 
(approximately a 45• angle). 

Quality Control: 

but 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The emission readings should remain consistent from run to run. 
If not, necessary troubleshootin~ must be performed before continuing 
(check wavelength, flame head al1gnment, etc.). 

2. A quality control calibration standard of 25.0 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns using 
graph. 
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THALLIUM - 400 VARIAN 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 279.2 

"Analytical Methods for. Zeeman Graphic Tube Atomizers" - Varian 
1986. 

Contract Laboratory Program, •statement of Work". 

Detection limit: 0.005 mg/l 
-~ 
-~'Ootimum Concentration Range: 0.005 - 0.050 mg/L 

~ Instrument Conditions: 
' 

l. Thallium hollow cathode lamp set at lOrnA. 

2. Wavelength: 276.8 nm 

3. Slit Width: 0.5 

4. Mode: Peak Area 

5. HGA Furnace Programming: 

STEP TEMPERATURE TIME GAS FLOW 

:) 
NO. {C} ill.t.l 

1 85 5.0 ON 
2 95 40.0 ON 

"---- 3 120 10.0 ON 
4 300 5.0 ON 
5 300 1.0 ON 
6 300 2.0 OFF 
7 2300 1.1 OFF 
8 2300 2.0 OFF 
9 2300 2.0 ON 

6. Sample Volume: 20 ul 

7. Matrix modifier volume: 5ul (11 H2S04) 

8. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/L. 

Samole Handling: Acidify with nitric acid to pH <2. Analyze within 6 months. 
[ INORGSOP] 
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standards must be within acceptable ranges or the samples run after 
the last acceptable calibration standard are to be reanalyzed. Record 
the calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of twice 
the concentration of the sample in a 1:1 ration of sample to 
standards. Spike recoveries and duplicates are to be within an 
acceptable range or the use of matrix modifiers, dilution, or method 
of standard additions is to be applied to reduce the interferences. 

4. An EPA reference standard will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[INORGSOP] 
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THALLIUM 

Method: AA - Flame; Oirect Aspiration 

. Reference: EPA 1983. Method 279.1 

---~~----

"Analytical Methods for Atomic Absorption Spectrophotometry". 
1982. Perkin-Elmer Corporation 

Detection limit: 0.50 mg/l 

Optimum Concentration Range: 0.50 - 10.0 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters 
and filtered groundwater free of particulate matter 
and organics may be analyzed directly. while wastewaters. 
leachates. solids. etc. mst be digPsted- prior to analysis 

-~ (refer to appropriate digestion procedures). Analyze 
within 6 months. 

·"-./Instrument Conditions: 

1. Thallium electrodeless discharge lamp with lamp energy set at 9. 

2. Wavelength: 276.8 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing. lean. blue 

~:) 7. Standards to use for curve set-up: 1.00. 2.00. 5.oo. 10.0 mg/l. 

...__..Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. Standard Thallium Solution (10.0 mg/l Thallium): Pipet 1.0 ml of the 
1000 ppm stock thallium solution into a 100 ml volumetric flask. add 
1/2 nt HN03. and dilute to the nerk with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentrtt ti on Volume of Dilute 
of Standard Tha llfum Standard to 

1 ~00 mg/L 1 ml of 100 mg/l Tl 100 ml 
2.00 mg/l 2 ml of 100 mg/l Tl 100 ml 
5.00 mg/l 5 ml of 100 mg/l Tl 100 ml 

10.00 mg/l 10 mL of 100 mg/l Tl 100 tnl 
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Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Stanaards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction fs required. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that 
standard additions are not required. 

~ 5. The use of halide acids is to be avoided. 
\::~:/' 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If thallium 1s to be run in concentration mode, use the 5.00 and 
10.0 standards and follow the procedure for analyzing in 
concentration mode. 

Qua 1f ty Con tro 1 : 

I. Establish a standard curve with the standards listed above plus 
a bl~nk. Record the absorbance chP.Ck standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, nece~sary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignnP.nt, etc.). 

2. A ouality control calibration standard of 5.00 mg/l is to be 
analyze~. at a minimum, after every 10 samplP.s. If less than 10 
samples .are analyzed, a calibration standard fs still required. 
The last sample analyzecJ. in the run fs to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check standar~ are to be reanalyzed. 
Record the calibration standards in the auality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate are to be within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

TlFlC-2 
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Ca 1 cula t; ons: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calcul~te using concentration mode. 

[ALM-8-13] 
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VANADIUM-VARIAN 400 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1984, Method 286.2 

•Analytical Methods for Zeeman Graphite Tube Atomizers•, 
Varian, 1986 

Contact Laboratory Program, •statements of Work• 

Detection Limit: 0.002 mg/L 

Optimum Concentration Range: 0.002 - 0.050 mg/l 

Instrument Conditions: 

1. Vanadium hollow cathod lamp set at 20 mA. 

2. Wavelength: 318.4 

3. Slit Width: 0.2 nm 

4. Mode: Peak area 

5. HGA Furnace Programming: 

llif TEMP C*C) liME GAS flOW 

1 85 5 ON 
2 95 40 ON 
3 120 10 ON 
4 1000 5 ON 
5 1000 1 ON 
6 1000 2 OFF 
7 2700 1.3 OFF 
8 2700 2 OFF 
9 2700 2 ON 

6. Sample Volume: ?O ul 

7. Standards.t~ use for curve set-up: 10.0, 20.0, 50.0 ug/l. 

Samole Handljng: Acidify with nitric acid to pH <2. Analyze within 6 months. 

Reagent Preparation: 

1. Standard vanadium solution 000 u vanadium : Pipet 1.0 ml of the 
1000 ppm stoc vanadium solution into a 1000 ml volumetric flask, add 
1/2 ml HN03 and dilute to the mark with deionized water. Prepare 
fresh every month. 

[INORGSOP] 
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2. Standards (Prepare fresh every week.): 

.tiQ!n: 

Concentration 
of Standard 

10.0 mg/L 
20.0 mg/L 
50.0 mg/L 

Volume· of 
Vanadium Standard 

1.0 ml of 1000 mg/L V 
2.0 ml of 1000 mg/L V 
5.0 ml of 1000 mg/l V 

Dilute 
to 

100 ml 
100 ml 
100 ml 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. The use of halide acids should be avoided. 

5. Vanadium is a refactory metal, extra care should be taken that sample 
is not boiled during the digestion (vanadium is easily lost). 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Aspiration section of this manual. 

For the use of concentration mode, use the 20.0 and 50~0 standards 
and follow the procedure for using the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.) 

2. A quality control calibration standard of 20.0 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within acceptable ranges or the samples run after 
the last acceptable chec~ standard are to be reanalyzed. Record the 
calibration standards in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Digest and duplicate and spike; a minimum of 1 out of 10 samples. If 
Jess than 10 samples are analyzed, a duplicate and spike are still 
required. Duplicates are to be averaged. Spike samples with a 
standard of twice the concentration of the sample in a 1:1 ratio of 
sample to standar~. Spike recoveries and duplicates are to be within 
acceptable ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 
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4. For every sample analyzed, an analytical spike (at the bench) must be 
run to verify that standard additions are not required. 

5. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentration vs. absorbance (or peak height) on graph. Determine 
unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[INORGSOP] 
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VANADIUM 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 286.1 

•Analytical Methods for Atomic Absorption Spectrophotometry•. 
1982, Perkin-Elmer Corporation 

Detection limit: 1.00 mg/l 

Optimum Concentration Range: 1.00 - 50.0 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics may be analyzed directly. while wastewaters, 
leachates. solids, etc. must be digested prior to 
analysis (refer to appropriate digestion procedures). 
Analyzed within 6 months. 

Instrument Conditions: 

1. Vanadium hollow cathode lamp. 

2. Wavelength: 318.4 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Nitrous oxide 

-~ 6. Type of flame: Red 
'C) 

7. Standards to use for curve set-up: 5.00. 10.0. 20.0. 50.0 mg/L. 

Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. S ta nda rds (Prepare fresh every ~nth.): 

Concentration Volume of Dilute 
of Standard Vanadium Standard to 

5.00 mg/l 0.5 of 1000 mg/L V 100 mL 
10.0 mg/l 1 of 1000 mg/L V 100 mL 
20.0 rng/l 2 of 1000 mg/L V 100 ml 
50.0 mg/L 5 of 1000 mg/L V 100 ml 

VFlC-1 



2. Aluminum nitrate solution: In a 200 ml volumetric flask. dissolve 
139g Al(N03)3 in Iso mL of Millf-Q water. HP.at to dissolve into 
solution. Allow to cool. Dilute to 200 ml with Milli-Q water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. High concentrations of aluminum and titanium increase the sensfthi ty 
of vanadium. This interference can be controlled by adding excess 
aluminum to both samples and standards (2 mL of aluminum nitrate 
solution to 100 ml samples and standards). 

Procedure: For the analysis procedure. refer to the Atomic Absorption 
Spectrometry. Flame - Direct Aspiration section of this manual. 

Add 0.2 ml of AlNOJ to 10 ~l of samples. blanks and standards. 

If vanadium is to be run in the concentration mode. use the 20.0 
and 50.0 standards and follow the procedure for analyzing fn the 
concentration mode. 

Quality Control: 

~ v 

1. Establish a standard curve with the stan.:tards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength. flame head alignment, lamp 
a 1i gn~nt, etc.). 

2. A quality control calibration standard of 20.0 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last 
sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the l"st acceptablP chP.ck standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samplP.s are analyzeo. a duplicate and spike are still required. 
DupHcates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate to be within an acceptable 
ranges or the use of dilution or method of standard additions fs 
to be applied to re~uce the interferences. 
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Ca 1 cula ti ons: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graoh, or 

2. Calculate using linear regression. or 

3. Calcul~te using the concentration mode. 
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ZINC - VARIAN 20 

Method: AA - Flame: Direct Aspiration 

Reference: EPA 1984, Method 289.1 

•Analytical Methods for Flame Spectrophotometry•, Varian, 1979 

Contract laboratory Program, •statement of Work•. 

Detection Limit: · 0.01 mg/l 

Optimum Concentration·Range: 0.01- 1.00 mg/l 

Sample Handling: Acidify with nitric acid to pH <2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 

~~ . appropriate digestion procedures). Analyze within 6 months. 

-~ Instrument Conditions: 

1. The Zinc hollow cathode lamp with lamp energy set at 27. 

2. Wavelength: 213.9 nm 

3. Slit Width: 1.0 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.10, 0.20, 0.40, 1.00 mg/l. 

~Reagent Preparation~ (Prepare fresh every 6 months unless otherwise noted.) 

~ 1. Standard Zinc Solution (20.0 mg/L Zinc): Pipet 10 ml of the 1000 ppm 
stock zinc solution into a 100 ml volumetric flask, add I ml HN03, and 
dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every 2 months.): 

Concentration Volume of Dilute 
of Standard Zinc ~tandard tg 
0.10 mg/l 0.5 ml of 20.0 mg/L Zn 100 Ill 
0.20 mg/L 1 ml of 20.0 mg/l Zn 100 Ill 
0.40 mg/l 2 ml of 20.0 mg/L Zn 100 Ill 
1.00 mg/l 5 ml of 20.0 mg/l Zn 100 ml 
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62tn: 

1. 

2. 

3. 

4. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

Zinc's may be run at a 30• angle for high level samples. High 
standards are made accordingly. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

If zinc is to be run in the concentration mode, use the 0.10, 0.20 
and 1.00 ~/l zinc standards and follow the procedure for 

~ . analyzing 1n the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

2. A quality control calibration standard of 0.20 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable check standard are to be reanalyzed. Record the calibration 
standards in the quality control book. The confidence limits are noted 
in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with standard of twice 
the concentration of the sample in a 1:1 ratio of sample to standards. 
Spike recoveries and ~uplicates are to be within an acceptable range or 
the use of dilution or method of standard additions is to be applied to 
reduce the interferences. 

Calculations: 

1. Plot concentration vs. absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[INORGSOP] 
Zn20C-2 



Scope and Application: 

TOTAL VOLATILE SOLIDS 

This method determines the weight of solid material 
combustible at sso•c. and is applicable to sewage, 
sludge, industrial wastes, soils and sediments. 

Method: Gravimetric, ignition at sso•c 
Reference: EPA 1983, Method 160.4 

Standard Methods, 16th Edition, 1985, Method 209F. (Pages 99-100) 

Sample Handling: RefrigeratP. at 4•c and analyze within 7 days of collection. 

Rea gt?n ts and Apparatus: 

1. Porcelain evaporating disht?s 
2. Muffle furnace, set at sso•c 
3. Dess i ca tor 
4. Analytical balance 

Notes: 

1. This is not an accurate measure of organic carbon. 

2. The most common error is failure to obtain a representative 
sample. Make sure the sample is thoroughly mixed or composited 
prior to analysis. 

3. The muffle furnace is slow to heat to sso•c. Turn muffle furnace 
on early in the day. 

4. When opening and closing the muffle, re~~mber to stay to the side 
of the compartmeont. 

5. Use tongs when placing dishes in/out of the muffle furnace. The 
tempera.ture is ver'-· high! 

6. Tak~ ~eighings Quickly - wet ~amples tend to lose weight by 
evaporation. Dried samplt?s can be hygroscopic and rapidly 
absorb atmospheric moisture. 

Proceaure: 

Preparation of Evaporation Dish 

1. All glassware fs to be soap and water Wi\Shed, tap rinsed, and 
deionized water rinsed prior to analysis. 

TVS2-1 
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2. Ash a clean evaporating dish at 550 •so•c for one hour in muffle 
furnace. 

3. Cool in dessicator for at least one hour and weigh. Dishes may 
be prepared antt store(! in desiccAtor until ready for use. 

Sample Ana lysis 

4. Fluid samples - Stir to mfx. 

Place 25 to 50g of sample in the prepared ev~porating dish and 
weigh. 

- Evaporate to dryness on a water bath. 

- Dry at 103 - 10s•c overnight. 

- Place in desiccator and cool to room temperature. 

- Weigh. 

Solid Samples - If sample contains pieces of solid material, 
pulvE-rize the sample cOttrsely. 

- Place 25 to 50g of sample into prepared evaporating dish and 
weigh. 

- Place in oven at 103 - 105•c overnight. 

Place in desiccator and cool to room temperature. 

- Weigh. 

5. After the total solids have been determined, ignite the residue 
left in the evaporating dish at sso·c in the muffle furnace. 

Note: If residue for step 4 contains large amounts of 
organic matter, first ignite the residue over a gas 
burner in an exhaust hood; then proceed with step 5. 

6. let dish cool partially by the air. Then, cool in a dessicator 
for at least one hour and weigh. Repeat the ashing cycle (igniting, 
cooling, dessicating, and weighing) until a weight loss of <0.41 
is obtained. 

Qua 1i ty Con tro 1: 

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, 
a duplicate is still required. Duplicates should be within acceptable 
ranges. The duplicate results are to be averaged. 

TVS2-2 
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2. A blank ~ish is carried throughout the entire procedure, as a 
check on contamination (glassw~re, oven; muffle furnace, etc.) 

Calculations: 

TVS, mg/kg = wt. dried residue ( ) - wt. residue after 
wt. dried residue 

) X 1000000 

TVS, S 

[Alr-1-5-15] 

= wt. dried residue ( ) - wt. residue 
wt. dr;ed residue 

TVS2-3 

X 100 
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ACID DIGESTIONS FOR SEDIMENTS. SLUDGES AND SOILS 

Scope and APPlication: 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 

This method is an acid digestion procedure used to 
prepare sediments, sludges, and soil samples for 
analysis by flame or furnace atomic absorption 
spectroscopy (AAS) or by inductively coupled argon 
plasma spectroscopy (ICP). Samples prepared by this 
method may be analyzed by AAS or ICP for the following 
metals. 

Chromium 
Cobalt 
Copper 
Iron 
lead 
Magnesium 
Manganese 

Nickel 
Potassium 
Silver 
Selenium 
Thallium 
Vanadium 
Zinc 

,~J Method: Nitric acid, hydrogen peroxide and hydrochloric acid digestion for 
'4~ flame work; and antimony by furnace; nitric acid/hydrogen peroxide 

digestion for furnace work. --

-~ 
·~J 

Reference: EPA SW-846, •rest Methods for-Evaluating Solid Waste•, July, 1982. 
Methods 3020 and 3050. · 

Contract laboratory Program- •statement of Work•, July, 1985. 

Sample Handling: Set up digestion as soon as possible; digested sample must 
be analyzed within 6 months. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

Hot plate 
Mortar and Pestle 
250 ml beakers 
Class A volumetric glassware 
Milli-Q water 
30% hydrogen peroxide 
lnstra-analyzed nitric acid 
Instra-analyzed HCl acid 
Stock and standard metal solutions 
Whatman 142 filter paper 
Glass or plastic funnels 
Watch glasses 

Reagent Preparation: 

1. Intermediate and Working Metal Solutions: Refer to the specific metal 
SOP for instructions on preparation. 

2. 1:1 Nitric Acid: Using a 250 ml volumetric cylinder, add 250 ml Milli­
Q water. Cautiously add 250 ml concentrated nitric acid. Mix. 

[INORGSOP] 
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3. 1:1 HCl: Using a 250 ml volumetric cylinder, add 250 ml Milli-Q water. 
Cautiously add, 250 ml concentrated hydrochloric acid. Mix. 

f!Hn: 

l. 

2. 

3. 

Arsenic and selenium by the AA-furnace techniques follow this digestion 
procedure and nickel nitrate is added prior to analysis. 

Mercury by the AA-Cold Vapor technique has a separate digestion 
procedure. 

All blanks, check standards, duplicates and spikes must be carried 
through the digestion check standard. 

4. If elevated levels are expected, increase the spike concentration 
accordingly. 

procedure: 

A. Digestion for Flame Work and Furnace Analysis of Antimony: 

1. All glassware used must be acid rinsed with 1:1 nitric prior to 
use. 

2. Pulverize and thoroughly mix the sample. 

3. Weigh out approximately 1.0000 g - 1.500 g of the sample into a 
250 ml beaker on analytical balance. Record the weight of the 
sample used on the digestion sheet. 

4. Add 10 ml of 1:1 HN03. Mix and cover with a watchglass. Place 
samples on the hot plate and heat at medium heat (95• C). Reflux 
for 10 minutes. 

5. Take sample off hot plate and a·.low ·to cool. Add 2.5 ml 
concentrated HN03. Return to hot plate and reflux for 30 minutes. 

6. Cool. Add 2 ml Milli-Q water and 3 ml 30% H202. 

7. Heat until effervescence subsides. Cool. 

8. Continue the addition of 301 H~02 in 1 ml aliquots with warming 
until the effervescence is min1mal or appearance of sample is 
unchanged. DQ NOT add more than a total of 10 ml 30% H202. 

9. Cool. Add 5 ml 1:1 HCl and 10 ml Milli-Q water. 

10. Cover and heat for 10 minutes. 

11. Cool. Quantitatively transfer to 200 ml volumetric flasks while 
filtering through a Whatman 142 filter to remove sediment. Rinse 
beaker and filter paper 3 times and dilute to 100 ml with Milli-Q 
water. The final concentration is approximately 2.5% HCl and 
5.0% HN03. 

[INORGSOP] 
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B. Digestion for Furnace Work. exceot for Antimony: 

1. Fol,low the digestion procedure above for flame work through 
Step 8. 

2. Continue to heat until the volume is reduced to approximately 
2 ml. (Watch close; bumping and spattering may occur.) 

3. Cool. Add 10 ml Milli-.Q water and warm on hot plate. 

4. Cool. Quantitatively transfer to 200 ml volumetric flasks while 
filtering through a Whatman 142 filter to remove sediment. Rinse 
the beakers and filter paper 3 times and dilute to 100 ml with 
Hilli-Q water.* The final acid concentration 1s approximately 
2.0% HN03. 

Quality Control: 

1. Refer to each specific metal SOP for quality control requirements. 

2. If a digested spike is diluted out of the working concentration (too 
low to detect) run a manual spike. The data is acceptable if the 
manual spike is within acceptable ranges. If the manual spike is 
outside the QC ranges, the sample·and spike must be re-digested. 

[ INORGSOP] 
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4. Select manifold and make appropriate hydraulic connections. 

Hydraulic connections: 

a. Use correct sample loop length to connect. 
lines 1, 4 . 

b. Line 2 is carrier line. 

c. L1ne 3 goes to .anffold. 

d. Line 5 goes to waste container. 

e. Line 6 comes from sample probe. 

f. Connect manifold to flow through cell. 

Tension levers should be up when pump tubing is inserted. 
Snap pump tubing cartridges into place. 

5. Insert correct filter. 

6. Pump Mi111-Q water through lines for 5 minutes by depressing 
the pump ON button. Check for leaks. 

1. Com~uter- At the C> type in "quikcalc". This calls up the 
lac at software and puts you at the master menu. Press <enter>. 

8. Put lines into reagents and/or degassed M1111-Q water. 

9. Computer - Select •toad/Stop Background Method" on the mtster 
menu. Press <enter>. 

10. Select appropriate met.hod. Press <enter>. 

11. Printer should be set at FONT 0. 

12. Pump reagents until a steady baseline is achieved. 

13. When using a method with a column (S04 or NOJ)• the column 
may be inserted at this point. See method SOP's for more 
details. 

14. For each analytical channel, adjust zero knob so that the 
baseline fs near the bottom of the screen (between .000 -
• 030). 

LAA-2 
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15. Adjust gafn whfle injecting top standard. 

a. Place autosampler probe into the highest standard bottle. 

b. After 20-30 seconds, press cycle button on front panel 
so that LED light is red. This is the load position. 

c. After 25 seconds (or less depending on sample loop size), 
press cycle button so that LED light is green. This is 
the inject position. 

d. Adjust gain knob on detector so that peak reading on 
the colorimeter is 1.700-1.950. 

e. Repeat until gain fs properly adjusted. 

f. Wipe probe and replace the autosampler probe into the 
sampler. 

16. Select menu item by going into foreground. (Press and hold 
Alt key, then press Esc key). 

a. Select •sample Tray Information and Start Analysts• on 
master menu. Press <Enter>. 

b. Press <Enter> or t,ype fn sample tray reference number if . 
ft is a tray which has already been typed fn. 

c. Enter tray ID and operator. Check •otsplay Standards 
Position in Tray• to insure the tray is set-up properly. 

d. Select •Enter Sample ID's•. Press <enter>. 

e. Type in sample information. Check standards will 
automatically be placed in the tray information 
portion. 

f. Press E~~ once to return to menu. 

17. Put tray with samples in appropriate cup locations on 
autosampler. Position tray. to the cup containing standard 
A (usually 135 or so). Select •start Analysis.• Press 
<enter>. 

18. The second screen will ask if the tray has standards or not. 
If you standardized the first tray of the run and all the check 
standards are within QC ranges, recalibration for the next tray 
is not necessary. Select appropriate option. Press <enter>. 

LAA-3 



19. Press Alt. Esc keys together, to get back to background to 
view the calibration peaks. 

After calibration is complete: 

- go into the foreground (Press Alt, Esc keys) 

- select •display calibration graph" (Press <enter>) 

- review the data 

- return ·to the background (Press Alt, Esc keys) 

- press "G" for good calibration. Analysis will continue. 

- press "R" for re-calibration. Remember to refill standard 
~ · ·~ cups and reposition sample tray before pressing "R"! 

0 ' 

B. Instrument Shut-Down 

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop 
Background Method". Press <enter>. To question-"Stop background 
(Y/N)?" Pre·ss "Yes•. Press Esc key to main menu. 

2. 

3. 

4. 

s. 
6. 

7. 

8. 

9. 

If column is used, stop the pump and disconnect from manifold. 

Pull lines from reagents into a wash beaker of D.I •• 

Pump D.I. through lines for 2-5 minutes. 

Pump air through lines until manifold is dry. 

Turn off pump. 

Release tubing cartridges and lower tension levers. 
Release tubing. 

Turn off main switch on rear power strip. 

Eq>ty and rinse waste containers, ff necessary. 

10. Perform back-up on current data files. once a ~eek. 
(see section C ) 

11. Turn off the computer and printer. 

LAA-4 
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c. Backfng-u2 the Data Files 

1. Exit to DOS 

2. At C> Type: cd\ffalab\data. Press <enter> 

3. At C> Type: copy *. rpt a: . Press <enter> 
After everything is copied - remove disc. 

4. At C> Type: del *.*. Press <enter> 

5. Are you sure (Y/N)? Type: Y. Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to 
turn off the computer, printer and screen. 

~ ~~ 11~stJ'2 
Michael J. linskens 
Laboratory Manager 

K. ft. 
Kfmltfl:i~ 
Analytical laboratory QA/QC Officer 

~l~ Lawrence:nde rson 
Vice President, Technical Services 
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AlKAliNITY - AUTOANAlYZER 

Scope and Application: This method is applicable to drinking water, 
surface water, groundwater and wastewater. 

[ Reference: EPA 1983, Method 310.2 
lachat Instruments 1986, Method 10-303-31-1-C 

Sample Handling: Refrigerate at 4•c and analyze within 14 days of collection. 

Detection lfmft: 5.0 mg/l as CaC03 

Optimum Concentration Range: 5.0 - 500 mg/l 

~ Instrument Conditions: 
~;;J.?j 

1. · Pump speed: 35 
2. Cycle period: 60 seconds 
3. load period: 30 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 10 seconds 
6. Inject to end of peak period: 56 seconds 
7. Gain: 150 x 10 
8. Zero: 180 
9. Interference filter: 410 nm 

10. Sample loop: 90 em 
11. Standards for curve set-up: 0, 20.0, 50.0, 100, 250, 500 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Degassed Milli-Q water - 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
in cubitainer. 

b. Bubble helium. using the f~ftted gas dispersion tube, through 
the M1111-Q water (15 min/20 L.) Store in cubitainer. 

2. Stock alkalinity standard (1000 mg/l as NazC03): In a 1 liter 
volumetric flask, dissolve 1.060 g of anh{drous primary standard 
grade sodium carbonate (Na2C03-dried at l o•c for 4 hours) in 
approximately 900 ml of helium purged Milli-Q water, and dilute 
to mark. 

ALKAA-1 



3. Standards: (Prepare fresh every 2 months.) 

Concentration Letter Volume of Dilute 
of Standard Identifier Alk. Standard to 

0 mg/L A 0 200 d. 
20.0 mg/L B 4.0 200 IlL 
50.0 mg/L c 10.0 200 nt. 

100 mg/L D 50.0 500 nt. 
250 mg/L E 125.0 SQO mL 
500 mg/L F 100.0 200 nt. 

NOTE: Final volumes are not the same! 
Computer refers to standards by letter. 

4. Sodium hydroxide (0.1M): In a 1 liter flask, dissolve 4.0 g sodium 
hydroxide (NaOH) and dilute to the mark wfth Milli-0 water. 

5. Hydrochloric acid (O.lM): In a 1 liter flask, dilute 8.3 ml of 
concentrated HCl in Mfllf-0 water and dilute to the mark. 

6. KHP buffer (25.0 mM pH 3.1): In a 1 liter flask, dissolve 5.10 g 
of potassium acid p~thalate (kHP) (KHC3H404) in approximately 500 nt. 
of helium purged Milli-Q water. Add 87.6 ml of O.lM·HCL and dilute 
to the mark. Adjust the pH of the buffer to 3.1 with O.lM HCL or 
O.lM NaOH. STORE IN GLASS AND PREPARE MONTHLY! 

7. Meth~l orange reagent: In a 1 liter volumetric flask,.dissolve 
0.12 g of methyl orange indicator in about 700 ml of helium-~urged 
Millf-Q water and dilute to the mark. Store in glass! 

Notes: 

1. Samples must be diluted to obtain concentrations within the 
optimum working range. 

2. The gain and zero settings are guidelines and must be adjusted 
each day to optimize. 

3. The alkalinity standards can be combined with chloride and 
sulfate standards for use with the 3 channel method. 

4. Turbidity will interfere. Samples must be filtered prior to 
analysis. (Use Whatman #1 or 14.) 

5. Color will interfere, dilute the sample and also spfke this 
sample to confirm the qua 1f ty of the resu 1 t. 

System Operation: 

A. Refer to "Auto Analyzer Operation start-up procedure." 
(lOP# LAA-section A) 

ALKAA-2 
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' i B. Analyze a blank and an EPA check standard at the beginning of 
each run. 

C. Use 125 mg/L for the spike level. 

D. The calibration check standard 1s 100 mg/l (D). 

E. Refer to •Auto Analyzer shut-down procedure•. (lOP# LAA-sect1on B) 
t 1 Qua 1i ty Control: 

1. Establish a standard curve with the standards listed above. 
Record the check standard fn the check standard book. The 
concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 

~~ continuing (check reagents, pump tubing, valves, etc.). 

2. A quality control calibration standard of 100 mg/L is to be analyzed. 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard fs still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be wfthfn the acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the ca11bratfon standards in the quality control bbok. The 
acceptable limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate a·nd spike are still required. 
Oupli cates are to be averaged. Spike samples with a standard fn a 
1:1 ratio of sample to standard. Spike recoveries and duplicates 
are to be within acceptable ranges or troubleshooting MUSt be 
performed. 

~ Calculation: 

1. Calculate with Lachat QufkChem software, fn the concentration 
mode, using the IBM XT computer. 

~~ ~~~s'l1? 
Michael J. linksens 
La bora tory Manager 

\\ . ~~ 
Kfm h?'ttnner 

[~dersen 
Vice President, Technical Services 
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CHLORIDE - AUTOANALYZER 

Scope and Application: This method is applicable to drinking water, 
surface water, groundwater, and wastewater. 

References: EPA 1983, Method 325.2 
Lachat Instruments 1986, Method 10-117-07-1-B 

Sample Handling: Refrigerate at 4•c and analyze within 28 days of collection. 

Detection Limit: 1.0 mg/L. 

Optimum Concentration Range: 1.0 - 100 mg/L 

Instrument Conditions: 

1. Pump speed: 35 
2. Cycle speed: 30 seconds 
3. load period: 15 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 8 seconds 
6. Inject to end of peak period: 35 seconds 
7. Gain: 200 
8. Zero: 250 
9. Interference filter; 480 nm 

10. Sample loop: 20 em 
11. Standards for curve set-up: 0, 10.0. 20.0, 50.0, 80.0, 100. 

Reage.nt Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Degassed Milli-0 water ~ 2 options: 

a. Boil Milli-0 water vigorously for 5 minutes. Cool and store 
in cubitainer. 

b. Bubble helium, using the frftted gas dispersion tube, through 
the Milli-0 water. (15 mfn/20 L.) Store in cubitainer. 

2. Stock chloride standard (1000 mg/l Cl): In a 1 liter volumetric 
flask, dissolve 1.648 g of prfmary grade sodium chloride {NaCl), 
previously dried at 103•c, in 500 ml Milli-Q water. Dilute to 
the mark and invert to mfx. 

ClAA-1 



3. Standards: (Prepare fresh every 2 months.) 

Concentration Letter Volume of 
of Standard Identifier Cl Standard 

0 rng/l A 0 
10.0 mg/l 8 2.0 
20.0 mg/l c 4.0 
50.0 mg/l D 25.0 
80.0 lllg/l E 40.0 

100 mg/l F 20.0 

Note: Final volumes are not the same! 
---- Computer refers to standards by letter. 

Dilute 
to 

200 
200 
200 
500 
500 
200 

~ 4. Stock mercuric thiocyanate reagent: In a 1 liter volumetric flask, 
<iii dissolve 4.17g of mercuric thiocyanate (Hg(SCN)2) in one liter of 

methanol. Invert to mix. Store in amber glass. 

':J 

CAUTION: Mercury is a very toxic metal. WEAR GLOVES! 

5. Stock ferric nitrate rea ent (0.5M): In a 1 liter volumetric flask, 
dissolve 202.0g of ferric nitrate Fe(NOJ)3 • 9H20) in approximately 
800 mL of deionized water. Add 25 ml of concentrated nitric acid 
and dilute to one liter. Invert to mix. 

6. Combined color rea~nt: Mfx 150 ml of stock mercuric thiocyanate 
solution with ISO of stock ferric nitrate reagent and dilute to 
1000 ml with deionized water. Vacuum filter through a 0.45 micron 
membrane filter. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
working range. 

2. The gain and zero settings are guidelines and must be adjusted each 
day to optimize. 

3. The chloride standards may be combined with alkalinity and sulfate 
standards for use with the 3 channel method. 

4. Any sample with turbidity must be filtered prior to analysis. (Use 
Wha tman 11 or 14.) 

. 
5. Color is an interference, dilute the sample and also spike this 

sample to confirm the quality of the result. 

System Operation: 

A. Refer to "Auto Analyzer Operation Start-up procedure•. 
(lOP# lAA-sP.ction A) 
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B. Analyze a blank and an EPA check standard at the beginning of 
each run. 

C. Use a 40 ppm Cl for the spike level. 

D. The calibration check standard is 50 mg/l (D). 

E. Refer to •Auto Analyzer Shut-down procedure•. 
(IOPI LAA·section B) . 

Qua 11ty Contro 1: 

1. Establish a standard curve w1th the standards listed above. 
Record the check standard in the check standard book. The 
concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 
continuing (check reagent, pump tubing, valves, etc.). 

2. A qua 1i ty control calibration standard of 50.0 mg/l is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must be within the acceptable ranges 
or the samples run after the last acceptable check standard are 
to be reanalyzed. Record the calibration standards in the' quality 
control book. The acceptable limits are noted in the quality 
control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard in a 
1:1 ratio of sample to standard. Spfke recoveries and duplicates 
are to be within acceptable ranges or troubleshooting must be 
performed. 

Calculations: 

1. Calculate with La~..uc.t QufkChem software, in the concentration 
mode, using the IBM XT computer. 

~~qf~stn 
Mi~skens 
laboratory Manager 
\\ . . 
kim\r.\~~ 
Ana 1 y ti ca 1 La bora tory QA/QC 0 ffi cer 

~~-~ 
Lawrence D. Andersen 
Vice President, Technical Services 

[KAW-3-9] ClAA-3 
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Scope and Aoplfcatfon: 

NITRATE - AUTOANALYZER 

This method fs applicable to drinking water. 
surface water. groundwater and wastewater. 

} Reference: EPA 1983. Method 353.2 
1 lachat Instruments. 1986 

:~ 

Detection limit: 0.02 mg/l 

Optimum Range: 0.02 - 2.00 mg/L N03. 

Sample Handling: Analyze within 48 hours of collection. If thfs is not 
possible. preserve the sample with 2 ml concentrated 
H2S04/I lfter and analyze within 14 days. 

-~Instrument Conditions: 

1. Pump speed: 35 
2. Cycle period: 50 seconds 
3. load period: 20 seconds 
4. Inject period: 20 seconds 
5. Inject to start of peak period: 22 seconds 
6. 1 nJe.ct to end of peak period: 68 seconds 
7. Gain: 450 
8. Zero: 400 
9. Interference filter: 520 nm 

10. Sample. loop: 17 em 
11. Standards for curve set-up: o. 0.20, o.so. 1.00, 2.00 
12. Column: (see reagents 7-10) 

~Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 
'. ,\ 

'<.J 1. Degassed M1111-Q water (2 options): 

a. Boil Millf-Q water vigorously for 5 minutes. Cool and store 
fn a cubitafn~., or 

b. Bubble helium, using the frftted gas dispersion tube, through 
the Millf-Q water. Store in a cubitainer. (15 min/20 l) 

2. Stock nitrate standard (100 mg/l N03): In a 1 liter volumetric flask, 
dissolve 0.7218 potassium nitrate (KN03) fn about 600 mL of Millf-Q 
water. Add 2 ml of chloroform. as a preservative. Dilute to the 
mark. Store in a ~ glass bottle. 

3. Working stock nitrate standard (10 mg/l N03): In a 100 ml volumetric 
flask, pfpet Io.o ill of the stock nitrate standard and dilute to the 
mark with Millf-Q water. Standard is good for 2 weeks ff H2S04 preserved. 

N03AA-1 
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4. Standards: (Prepare fresh every 2 weeks.) Pres~rve wfth 0.2 ml 
H2S04. 

5. 

Con centra ti on letter Volume of Dilute 
of Standard Identifier NDJ Standard to 

0 mg/l A 0 100 nt.s 
0.20 mg/l 8 2.0 100 mls 
0.50 mg/L c 5.0 100 nt.s 
1.00 mg/l D 10.0 lOOIIIls 
2.00 mg/l E 20.0 100 IlLs 

~: Computer refers to standards by letter. 

Sodium hldroxide (15M): To 250 ml of Milli-Q water, add 150.0g 
NaOH. S OWLY! This solution will get very ~! Swirl to dissolve. 
Store in a plastic bottle. 

6. Ammonium chloride .buffer solution: In a 1 liter volumetric flask, 
dissolve 8S.Og of ammonium chlorfdP. (NH4Cl) and 1.0g of disodium 
ethylenediamine tetracetate dihydrate (EDTA) fn approximtely 
800 ml Millf-Q water. Adjust the pH to 8.5 with the 15M NaOH. 
Dilute to the mark. 

1. Sulfanilamide color reagent: In a 1 liter volumetric flask. add 
approximately 800 ml of Mil11-Q water. ThPn add 100 nt. toncentrated 
phosphoric acid (H3P04}. Add 40.0g sulfanilamide and dissolve 
completely. Dissolve 1.0g N-1-naphthlethylenedfamfne dfhydrochloride 
(NED) and dilute to one liter. Store fn dark bottle at 4•c. Stable 
for 2 months when refrigerated. ----

8. Column Preparation: 

a. Cadmium preparation: Place 10-20g of coarse cadmium powder 
(granules) in a 250 ml beaker and wash with 50 ml of acetone, 
then distilled water, then two 50 ml portions of 1 M hydrochloric 
acid (8 ml concentrated hydrochloric acid plus 92 ml deionized 
water). Then rinse thoroughly with deionized water. If using 
cadmium for second time, rinse with 1 M hydrochloric acid before 
':'' :;~f.,,ing proc~ss, CAUTION: Collect and store all waste cadmium. 
I~ <:a r g"l OVf~S i , •. ···-. 

h. Cooperization: Prepare a 2S copper sulfate solution (20g Cuso4·SH20l 
per liter of deionized water) and add a 100 ml portion to the 
cadmium prepared in •a• above. Swirl gently for about 5 minutes. 
then decant the liquid and repeat with a fresh 100 ml portion of 
2% copper sulfate. Continue this process until colloidal copper 
is visible in the supernatant (a red-brown precipitate) and 
solution remains blue in color. Decant and wash wfth at 
least 5 portions of ammonium chloride solution (Reagen~6) 
to remove the colloidal copper. The cadmium should be 
black or dark gray. The cadmium granules may be stored in 
a stoppered bottle in ammonium chloride solution (Reagent 6). 
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d. 

Notes: 

Packing the column (wear gloves!): Place a small piece of 
polyurPthane foam (or glass wool) loosely in the end of the 
glass tube. Insert the plugged end of the glass tube fnto 
the column end fitting. Cut a length of 0.032• fd teflon 
tubing 3 to 4 inches longer than the column. 

Insert the teflon tube fn the end ffttfng and fill the w.hole 
tube with water, holding the flexible tube fn a U-shape so 
that the ends are level. Place the second end fitting on 
the other.end of the teflon tubing. (Placing a sma11 funnel 
onto the end fitting may aid filling.) Taking care that no 
air bubbles are introduced, place the copperfzed cadmium 
granules in the column. Tap the column gently, every 1-2 em, 
to pack the granules. When the column is packed to within 
about 5 mm of the end of the glass column, insert another 
foam plug, then the column end fitting. Store the column 
with the ends connected with a length of teflon tubing, as 
air pockets or having the column dry out will necessitate 
repacking. If air remains in the column, connect the column 
to the manifold and turn the pump on maximum. Tap column 
firmly until all afr fs removed. 

Column activation: The column must be activated before use 
or ft wfll not reduce nitrate. This may be accomplished by 
pumping the 10 mg/L nitrate standard through the sampler 
line. When the solution fs injected, a brilliant pink 
color will be visible fn the coil. The cadmium column 
effeciency should be above aos. ff less, the column must be 
repacked. 

1. . Interferences: 

- Build up of suspended matter 1n the reduction column wnl 
restrict sample flow. Sinre nitrate-nitrogen fs found fn 
a soluble state, the sample must be pre-filtered. 

- Low results might be obtained for samples that contain 
high concentrations of fran, copper or other metals. EOTA 
is added to the samples to eliminate these interferences. 

- Samples that contain large concentrations of oil and grease 
will coat the surface of the column. This interference is 
eliminated by pre-extracting the sample with an organic 
solvent. 

2. Samples must be diluted to obtain concentrations within the 
optimum working range. 
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3. The gain and zero settings are guidelines and most be adjusted 

each day to optimize. 

4. Color will intefere; dilute the sample and also spike this sample 
to confirm the quality of the result. 

5. ACS grade ammonium chloride has been found occasionally to 
contain significant nitrate contamination, so an alternative 
preparation for the ammonium chloride buffer (Reagent 6) fs as 
follows: 

In the hood,·add 126 ml concentrated HCl to a 1 liter volumetric 
flask containing 500 ml degassed Milli-Q water. Mix. Add 95 ml 
ammonium hydroxide and 1.0 gm d1sod1um EDTA. Dissolve and dilute 
to the mark. The pH should be 8.5 ~ .1, adjust pH ff necessary. 

!i} System Operation: 

1. Refer to Auto Analyzer Operation - Start-up Procedure 
(IOP# LAA-section A). 

2. After pumping reagents through the lines, turn off the pump and 
insert column, making sure that air bubbles are not introduced 
into the column. 

3. Activate column. (See 18d. above.) 

4. Analyze a blank and EPA check standard at the beginning of 
each run. 

5. Use 0.5 ppm spike levels. The calibration check standard 
is 1.00 mg/l N03 (D). 

6. If only nitrate is requested, nitrites must be analyzed and 
subtracted from the nitrate + nitrite value. 

7. However, since this method analyzes both forms of nitrogen, 
ff the nitrate + nitrite result is <0.02, nitrite does not 
need to be run for that sample. 

8. After use, turn off the pump and remove the column from the 
manifold. 

9. Refer to Auto Analyzer Shut-down Procedure. 
(lOP# lAA-section B.) 

Quality Control: 

1. Establish a standard curve with the standards listed above. 
Record the check standard in the check standard book. ThP 
concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 
continuing (check reagents, pump tubing, valves, etc.). 
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2. A Quality control calibration standard of 1.00 mg/L fs to be 
~nalyzed. at a minimum. after every 10 samples. If less than 10 
samples are analyzed • ., calibration standard fs stfll required. 
The last sample analyzerl fn the run fs to be th~ calibration 
standard. These standards must be within the acceptable ranges 
or the samples run after the last acceptable check standard are 
to be reanalzyed. Record the calibration standards in the 
Quality control book. The acceptable limits are noted fn the 
quality con~rol book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less 
than 10 samples are analyzed. a duplicate and spike are still 
reQuired. Duplicates are to be averaged. Spike samples with 
a standard in a 1:1 ratio of sample to standard. Spike recoveries 
and duplicates are to be within acceptable ranges or troubleshooting 
must be performed. 

Calculation: 

1. Calculate with Lachat QufkChem software. fn the concentration 
mode. using the IBM XT computer. 

~~ t/~Jr? 
Michael J. linskens • 

Revision Dates 

8-18-87 

La bora tory Manager 
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SULFATE - AUTOANALYZER 

Scope and Application: This method is applicable to drinking water, 
surface water, groundwater, and wastewaters. 

Reference: EPA, 1983, Method 375.2 
lachat Instruments, 1986, QuikChem Method 10-116-10-2-B 

Detection limit: 5.0 mg/l 

Optimum Concentration Range: 5.0 - 200 mg/L 

Sample Handling: Refrigerate at 4•c and analyze within 28 days of collection. 
~ 

.; . .;..:J:.~ 
''-'1:5' Instrument Conditf on: 

·~ 1. load tfme: 20 seconds 
2. Inject Period: 30 seconds 
3. Inject to peak start period: 9 seconds 
4. Inject to peak end period: 54 seconds 
5. Cycle time: 50 seconds 
6. Gain: 200 
7. Zero: 700 
8. Interference filter: 460 nm 
9. Sample loop: 10 em 

10. Standards to use for curve set-up: 0, 25.0, 50.0, 100, 150, 200 mg/l. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Degassing with helium - 2 options: 

a. Boil M1111-Q water vigorously for 5 minutes. Cool and store 
in cub1tainer. 

b. Bubble helium, using the frftted gas dispersion tube, through 
the Mil11-Q water. (15 min/20 L.) Store in cubitafner. 

2. Carrier (0.3 ppm so,=): In a 1 liter volumetric flask, add 0.3 mL 
of lOOO ppm stock sulfate solution and dilute to mark with degassed 
MH11-Q water. 

3. Barium chloride solution (6.24M): In a 1 liter volumetric flask, 
dissolve 1.526 g of barium chloride dihydrate (BaC1 2 ·2H~) in 500 ml 
of degassed M111f~Q water and dilute to 1 lfter. 

4. Hydrochloric acid (1.0N): In a 100 ml volumetric flask, containing 
approximately 80 ml of Mi111-Q water, add 8.3 ml of concentrated 
hydrochloric acid and dilute to the mark with M1111-Q water. 
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5. Barium - MTB color reagent: (The purity of the methylthymol blue and 
the alcohol can be critical. USE THE SOURCES STATED BELOW.) 

In a dry 1000 IlL volumetric flask, place 0.2364 g of methylthymol 
blue (3', 3•bis-N,N-bis carboxymethyl)-amino methylthymolsulfon­
ephthalein pentasodium salt (Kodak No. 8068). Add 50 ml of barium 
chloride solution c•J• above). The solution may be used to aid in 
the transfer of the dye. Swirl to dissolve. Add 8.0 mL of the 1.0 
N HC1 solution (•4• above) and mfx - solution should turn orange. 
Add 142 mL deionized water and dilute to 1000 ml with ethanol (Aldrich 
24.511.9) Mfx. The pH of this solution should be 2.5. Prepare 
this ·solution the day before use and store ft refrigerated fn an 
amber bottle. 

6. Sodium hydroxide (501 stock solution): Cautiously dissolve 500 g of 
sodium hydroxide (NaOH) in 600 mL of Mf111-Q water. Cool and dilute 
to 1 liter. Store in plastic bottle. CAUTION: The solution will 
become very hot! 

7. Sodium hydroxide (0.18 N): In a 1 liter volumetric flask, add 
14.4 mL of SOS sodium hydroxide (•6• above) to degassed Milli-Q 
water, and dilute to the mark. 

B. Buffered EOTA (for cleaning manifold): In a 1 liter volumetric flask, 
dissolve 6.75 g ammonium chloride (NH4C1) in 500 mL Mfllf-Q water. 
Add 57 mL concentrated ammonium hydroxide and 40.0 g tetrasodium EDTA 
dihydrate. Dissolve by swirling; dilute to the mark wfth Mfllf-Q 
water. 

9. Sulfate stock (1000 mg/L): Dry approximately 2 g of sodium sulfate 
(Na2S04) at lOS'C for 2 hours. Cool in a desiccator~ In a 1 liter 
volumetric flask, dissolve 1.479 g of the dried sodium sulfate fn 

·E;) Millf-Q water and dilute to 1 liter. (1.0 ....... 1.0 mg so4=). 

10. Working standard: (Prepare fresh every 2 months) 

Con centra tf on Letter Volume of Stock u•lute 
of Standard Identifier Sulfate Standard to 

0 mg/L A 0 200 nL 
25.0 mg/L B s.o 200 nt. 
50.0 mg/L c 10.0 200 ml 
100 mg/L D 50.0 500 nL 
150 mg/L E 75.0 500 IlL 
200 mg/L F 40.0 200 mL 

Note: Final volumes are not the same. - Computer refers to standards by letter. 
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Preparatinn of Ion Exchange Column: 

1. Make a slurry of approximately 0.5 g of BioRex 10. 50-100 mesh ion 
exct,ange re~in fn Milli-Q water. 

2. Remove one column end from the glass column. Fill the column with 
water, then aspirate the slurry or allow it to settle by gravity to 
pack the column. Take care to avoid trappin' air bubbles in the 
column and fts fittings at this point and al subsequent operations. 

3. After the resin has settled, replace the end fitting. To ensure a 
good seal, remove any resin particles from the threads of the glass, 
the column end and the end fittings. To store the column, the ends 
of the Teflon tubing may be joined with a union. 

4 •. To test the effectiveness of the column. make up a standard of pure 
sodium sulfate and compare its peak height to an identical standard 
with hardness tyvical of the samples added. If the column fs being 
depleted, the standard with hardness will read lower because the 
divalent cations are complexing the free MTB. The concentration of 
thP standard should be mid-range. If deplPtion has occured, repack 
the column with fresh resin. 

5. Regenerating Resin: Batch regeneration is recommended because the 
hydrogen form of BioRex 70 can swell considerably more than the 
sodium form. Collect the used resin in a small beaker or flask. 
Wash with dilute HCl until the wash tests free of calcium and/or 
magnesium. This procedure removes the divalent cations by 
converting the carboxylate exchange group to the protonated form -
COOH. Convert the resin back to the sodium form by neutralizing 
with washes of O.SM NaOH until the wash has a pH of 9 or greater. 
Rinse with deionized water for storage or repacking. A column may 

:~ be used for 3-4 trays (approximately 150 samples) before it needs 
~ to be replaced. 

Notes: 

1. Samples lll.ISt be a·,luted to obtain concentrations within the optimum 
working range. 

2. Sulfate standards may be combined with alkalinity and chloride 
standards for use with the 3-channel method. 

3. The gain and zero settings are guidelines and must be adjusted each 
day to optimize. 
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4. Inteferences: 

- The cation exchange column removes multivalent cations. Run a 
mid-range sulfate standard.containing a typical concentration of 
CaC03 periodically to check performance. Any decrease in peak 
height should indicate the need to regenerate or replace the 
resin. (At 600 ppm CaC03, the column fs good for 80 +injections.) 

- Sa~les with pH less <2 should be neutralized. High acid 
conc@ntrati~ns can displace multivalent cations from the column. 

- Color will interfere. Dilute the sample and also spike this sample 
to confirm the quality of the result. 

- Turbidity - turbid samples may be filtered (use Whatman· 11 or 
14) prior to analysis on lachat. 

- Orthophosphate also forms a precipitate with barium at high pH. 
Check the response of pure ·orthophosphate standards, if samples 
are known to be high in P04•. 

5. Troubleshooting: 

A. Baseline noise with reagents pumping. 

1. Noise with column in line but good baseline without column. 

a. Repack column, air bubbles may be causing pulsing. 

b. Check flow fit connectors and end fittings on column 
for blockage or leaks. 

2. Noise with and without column in line. 

a. Degas carrier and/or reagents. Fine bubbles cause 
sharp spikes on baseline. 

b. Place a longer piece of manifold tubing on the outlet 
of the flow cell leading to the waste container. This 
method requires the use of the screw type flow cell. 

c. Replace the pump tubes. The silicone tube, used for the 
color reagent, wears faster than the PVC pump tubes. 

d. With water pumping in the lines, check all hydraulic 
connections for blockages, leaks, etc. 
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B. Baseline drift. 

1. Clean the manifold with the buffer~d EDTA. 

2. Turn the gain high and use the shortest sample loop possible. 
This improve.s the linearity of the calibra·tion curve. prolongs 
the useful life of the column. and minimizes the build up of 
BaS04 on the manifold tubing. 

System Operation: 

1. Refer to •Auto Analyzer Operation Start•up procedure• (SOP# LAA­
sect1 on A). 

2. Pump reagents through lfnes until baseline is stable. Then turn off 
pump and insert column. 

3. Pump reagents through the lfnes before inserting the column. Use a 
short piece of manifold tubing in place of the column. When all air 
has passed and the baseline fs steady, turn off the pump and insert 
t'he column. The column should be placed in avertical position with 
flow in the top and out the bottom. In this configuration. the column 
wfll operate effectively even if the resin packs down more to leave a 
gap at the top. Resume pumping. 

4. Analyze a blank and an EPA check standard at the beginning of 
each run. 

s. Use a 75 ppm spike level. The calibration check standard is 
100 mg/l (D). 

6. To shut down, turn off pump and remove the·column. 

To removP. the column: 

a. Turn off the pump. 
b. Remove the column. 
c. Join ends of the column with a unfon. 
d. RP.place the column on the manifold with thP. short teflo~ tubing 

piece. 
e. Rinse manifold with Milli-Q water. 
f. Rinse manifold with EDTA cleaning solution. 
g. Rinse manifold again with Millf-Q water. 
h. Pump dry. 

Follow •Auto Analyzer Shut-down procedures" (SOPI LAA-Section B). 

Quality Control: 
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2. A quality control calibration standard of 100 mg/L fs to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard fs stfll required • 
The last sample analyzed fn the run fs to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check. standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spfke a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
a 1:1 ratio of sample to standard. Spike recoveries and duplicates 
are to be within acceptable ranges or troubleshooting must be 
performed. 

~ 

~Calculations: 

1. Calculate with the lachat QufkChem software, in the concentration 
mode, using the IBM-XT computer. 

~~&A~ ~j.r/r? 
Michael J. linskens 
La bora tory Manager 

Analytical laboratory QA/QC Officer 

~l~ 
lawrence D. Andersen 
Vice President, Technical Services 
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Scope and APplication: 

AMMQNIA NITRQGEN 

This method is applicable to the determination of 
ammonia-nitrogen in drinking water, surface water, 
groundwater, sludges, soils, and industrial wastes. 

Method: Micro-distillation, Colorimetric 

Reference: EPA, 1983, Method 350.2 

Detection Limit: 0.10 mg/L for aqueous samples 
5.00 mg/kg for soils and sludges 

Ootimum Range: 0.10 - 2.00 mg'L for aqueous samples 
5.00 - 100 ttg/ g for sons and sludges 

~ Sample Handling: Acidify aqueous samples with concentrated sulfuric acid to 
pH <2 and refrigerate at 4oc. Refrigerate soils ans sludges. 
at 4oc. Analyze within 28 days of sampling. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

Kjeldahl flasks, 100 ml 
Keeney distillation apparatus 
Spectrophotometer, set at 425nm with sipper cell 
Erlenmeyer flasks, 50 ml 
Sulfuric acid, concentrated 
Hi 11 i -Q water 

eH meter, 0.1 pH unit sensitivity 
olumetric glassware, Class A (pipets and flasks) 

Top loading balance, O.Olg sensitivity 
Graduated cylinders, 50 ml 
Hixin~ cylinders, 50 ml 
Ammon1um chloride (NH4Cl) 
Boric acid (H3803) 
Mercuric iodiae {~gl~) 
Potassium iodide Kl 
Sodium hydroxide iNa H) 
Sodium tetraborate {Na2B407·l0H20) 
Sodium thiosulfate (NazS203·SH20) 
Ana1y!~cal ta1ancc, O.OOOlg sensitivity 
150 ml beaker 
Stir bars and stir plate 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated). 

1. ~mmonium chloride stock solytton(1000 mq/Ll: In a 1 liter volumetric 
lask, dissolve 3.819g NH4Cn approximately 300 ml Milli-Q water and 

bring to volume. 

[C-600-92] 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

t!Qlli: 

Ammonium chloride standard solution P¥ ma/U: Dilute 10.0 Ill of the 
ammonium chloride stock solution to iter with Milli-Q water in a 
volumetric flask. 

Boric acid solutio~: Dissolve 20.0g H3B03 in Milli-Q water and dilute 
to 1 liter in a vo umetric flask. 

Nessler reagent: Dissolve lOOg of mercuric iodide and 70g ~f potassium 
iodide in a out 200 ml of Mill-O water. Add this •1xture ~, while 
stirring to a COOLED solution of 160g NaOH in 500 •L Mi111-Q water. 
Dilute the mixture to 1 liter. Store in a Pyrex bottle and keep out of 
direct sunlight: 

~o~ium hydrofide CINl: Dissolve 40g of NaOH in Milli-Q water and 
i ute to 1 iter. 

So~ium hvd{oxide CO.lNl: Dilute 100 ml of IN NaOH to 1 liter with 
Mi H-Q wa er. 

Sodjum tetrasorate solution CO.YfSM~: Dissolve 9.Sg of Na2B407·IOH20 
or S.Og anhy rous Na2B407 in Hi 1- water and dilute to 1 liter. 

Borate buffer: Add 88 ml of 0.1N NaOH solution to 500 ml of 0.025M 
sodium tetraborate solution. Dilute to 1 liter. 

Sodium th13s¥1fate (l/70Nl: Dissolve 3.5g Na2S203·SH20 in'Milli-Q 
water and 1 ute to 1 liter. (1 ml of this solution will remove 1 mg/L 
of residual chlorine in 500 ml of sample). 

1. Residual chlorine must be removed prior to distillation by pretreating 
the sample with sodium thiosulfate solution. 

2. Pre-steam the distillation apparatus with 10~ NaOH before use for each 
batch analyzed. 

3. Cyanate and some volatile alkaline compounds may cause an offcolor 
nesslerization. This off-color can be eliminated by boiling the sample 
at a low pH (pH 2-3) to drive off the compound. This should be done 
prior to the distillation step. 

Procedure: Sample must be homogenized prior to analysis to ensure a 
representative sample aliquot. 

Distillation: · 

1. All glassware is to be soap and wate washed, tap water rinsed, and 
Milli-Q water rinsed prior to use. 

[C-600-92] 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

The reservoir should be 2/3 full with Milli-Q water. Add a few boiling 
chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on 
the heater. Set heater control to about 6. Allow the steam reservoir 
to heat up. This unit will take about 45 minutes to heat-up. Turn the 
heater control to about a setting of 9 and bring to boiling. Analysis 
can begin once boiling begins. 

Prepare the distillation apparatus as follows: Steam out the 
distillation apparatus with a 101 NaOH solution. Analyze a blank to 
confirm no trace of ammonia exists (no color change with the addition 
of the Nessler reagent to the distillate). 

Aqueous samoles: 

Place 40 ml or an aliquot of sample diluted to 50 ml in a 150 ml 
beaker. Record the volume used. Add IN NaOH while stirring very 
slowly until the pH is 9.5 ustng pH paper. 

To s~ike: Place 45 ml sample and 5 ml of the 10 mg/l ammonia standard 
to t e Kjeldahl flask and continue with procedure. 

Non-agueoys samoles: 

Place approximately 1.0g tn a 150 ml beaker. Record weight used. Add 
50 ml Milli-Q water and adjust the pH with IN NaOH, while ~tirring 
slowly, to pH 9.5 using pH paper. . 

To s~kf: Place 1.0g sample, 1 ml of the 1000 mg/l ammonia standard in 
the e dahl flask. Add 50 ml Milli-Q water and continue with 
procedure. 

Transfer the ~H-adjusted sample to a 100 ml Kjeldahl flask. Add 2.5 ml 
of borate buffer. 

Add 5 ml of boric acid to a 50 ml Erlenmeyer flask and place flask at 
the condenser outlet with the tip of the condenser immersed in the 
boric acid. 

Connect the Kjeldahl flask to the distillation apparatus and secure 
with springs. 

Open the stopcoc~ to the st 111 on the coni~~nsc:t ·;on cht.mbai". Close the 
drain stopcock. The steam will now pass through the Kjeldahl flask. 

Steam distill 30-40 ml at a rate of 4-5 ml/min. 

Remove the Erlenmeyer flask. 

Rinse the tip of the condenser and steam outlet into a waste beaker. 

[C-600-92] 
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12. Continue distilling remaining samples, blanks and standards. When all 
samples, blanks and standards are distilled, the colorimetric 
determination can be performed. 

Colorimetric Determination: 

1. Prepare the following series of blanks and standards in 50 ml mixing 
cylinders (These do not need to be taken through the distillation 
step). 

2. 

3. 

4. 

5. 

ml of 10 119/L 
ammonium chloride Dilute Concentration 

sol uti on to Cmg/L 

0 50 Ill BLANK 
0. 5 so Ill 0. 10 
1. 0 50 Ill 0. 20 
2.0 50 Ill 0.40 
5.0 50 Ill 1.00 
10. 0 50 atl 2 . 00 

Add 2.0 ml of Nessler reagent to the blank and standards. Stopper and 
mix by inverting several times. 

After 20 minutes, read the absorbances on the spectrophotometer set at 
425nm using the sigper cell. Zero the spectrophotometer to the 
distilled reagent lank. 

Transfer distilled samples to 50 ml volumetric flasks and dilute to 
50 ml with Milli-Q water. Mix. 

Determine the ammonia in the distillate as follows: 

· Transfer 25 ml of distillate, or an aliquot diluted to 
25 ml, to a mixing cylinder. 

'~ · Add 1 ml of Nessler reagent and mix by inverting several times. 

• After 20 minutes, read the absorbance as described in Step 3. 

Calculations: 

1. Aaueous Samples: 

a. Calculate using linear regr~ssion. 

b. Multiply in any dilution factors performed in the distillation and 
colorimetric steps to obtain the final result in mg/l. 

[C-600-92] 
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2. Non-Agyeous Samoles: 

a. 

b. 

c. 

Calculate using regression to obtain a mg/L value. 

Multiply in any dilution factor performed in the colorimetric step 
(mg/L). 

Multiply result obtained from •step b• by 50 and divide by gr-ams of 
sample used to obtain the final result in mg/kg. 

3. Spike calculation: 

-~ Recovery • 

Where SA • sample 
STD • standard 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. The standard curve •ust be carried through the distillation 
process. Record the absorbance check standards (1.00 mg/L) in the 
absorbance check book. The absorbances should remain cons1stent from 
run to run. If not, necessary troubleshooting must be performed before 
continuing (check wavelength, spectrometer bulb, solutions, etc.). 

2. 

3. 

4. 

A distilled blank and standard (l.QO mg/L) is to be analyzed initially 
and at the end of the analytical run. The standard must be within 
acceptable ranges (± 10% of true value), or troubleshooting must be 
performed. 

A quality control calibraiion standard of 1.00 mg/L is to be analyzed, 
initially and after every 10 samples. This standard does not need be 
carried through the distillation procedure. The last sample analyzed 
in the run is to be the calibration standard. These standards must be 
within the acceptable ranges (± 101 of the true value) or the samples 

· run after the last acceptable check standard are to be reanalyzed. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still reguired. 
Duplicates are to be averaged. Spike recoveries and duplicate results 
are to be within acceptable ranges. 
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CHEMICAL OXYGEN DEMAND 

Scope and Application: This method is applicable to surfacewater, sewages, 
wastewater, and groundwater. 

Method: Dichromate reflux, Colorimetric 

Reference: EPA 1983, Method 410.4. 

Detection limit: 20 mg/l 

Optimum Range: 20-700 mg/L 

Sample Handling: Preserve with sulfuric acid to a pH <2 and refrigerate at 
4•c. Analyze within 28 days. 

~ Reagents and Apparatus: 

1. Dichromate - mercuric sulfate-sulfuric acid digestion solution 
2. Silver sulfate - sulfuric acid catalyst solution 
3. COO standard solutions 
4. Block dfgestor, set at 1so•c 
5. 16 x 100 mm culture tubes with teflon lined screw caps 
6. Eppendorf macropfpeter, o-s mL 
7. Spectrophotometer, set at 600 nm wavelength with sfpper cell 
8. Eppendorf microliter pipeter, 10-100 ul 
9. 2 Repipette Dispensers, 1000 mL 

10. Milli-Q water 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Digestion Solution: Add 10.2 g of dried potassium dichromate 
(KzCrz07)• 33..3 g of mercuric sulfate CHgS04) and 167 n. of 
concentrated HzS04 to about 500 IlL of M1111-Q water; dilute to 
1000 ml in a volumetric flask and stir until dissolved. Store 
in a dark place. 

2. 

3. 

Silver Sulfate ~ulfurfc Acid Catalyst Solution: Add 22.0 g of silver 
sulfate (Aq2S04J to a 2.5[ bottle of cone. H2S04. Stir to dissolve. 

COO Stock Standard~ 1000 m~/l: Carefully weigh 0.8500g of dried 
potassium acid pht alate { HP), dissolve fn Mill-Q water and dilute 
to 1 liter in a volumetric flask. Refrigerate. 

4. Working COO Standards: (Prepare fresh monthly and refrigerate.) 

A. 700 m7/L COD Standard: To a 100 ml volumetric flask, add 70 ml 
of lOOO mg L COD Stock Standard and dilute to the mark with Milli-Q 
water. 

COOl-1 
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Notes: 

B. 300 mB/l COD Standard: To a 100 ml volumetric flask, add 
3o nr of 1\lo mg/[ stock standard and dilute to the mark 
with Millf-Q water. 

C. 100 m0tL COO Standard: To a 100 mL volumetric flask, add 
lO ril of 1 00 mg/l COD Stock Standard and dilute to the mark with 
H1111-Q water. 

D. 50 mg/l COD Standard: To a 100 ml volumetric flask, add 5 ml 
of Iooo mg/L coo Stock Standard and dilute to the mark with 
Mi111-Q water. 

E. 20 mg/L COO Standard: To a 100 mL volumetric flask, add 2 mL 
of looo mg/L coo Intermediate Standard and dilute to the mal'k with 
Milli-Q water. 

1. If a dark green or turquoise color occurs when sample is added or 
when the tube is being heated; it is over the upper limit of the 
curve and must be diluted. 

2. Interference: Chlorides represent a positive interference. 
Mercuric sulfate is added ~o the digestion tubes to complex the 
chloride. Mercuric sulfate can complex up to 2,000 mg/L chloride 
before reacting with dichromate in the sample. If chloride exceeds 
2,000 mg/L, dilute the sample. · 

3. Reagents are corrosive and toxic. Avoid skin contact. 

4. Store standards in the refrigerator. 

-.J 5. Store the dichromate solution and prepared tubes in the dark. 

6. To clean the tubes, rfnse several times fn Mfllf-Q water. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and 
Milli-Q water rinsed prior to analysis. Rinse digestion tubes and 
caps with Hillf-Q water prior to use. Caps deterioriate over 
time. Discard caps after 3 uses. 

2. Into each tube, pipet exactly 1.5 ml of COO digestion solution, 
using repipetter dispenser. · 

3. Into each tube, pipet exactly 3.5 ml of the silver sulfate-sulfuric 
acid solution, using the repipetter dispenser, down the side of the 
tube. These tubes may be stored, with caps having teflon liners, 
indefinitely. Store in the dark! 

COD1-2 



.. ---:-\ 
;j_. ~ tJ 
~ 

·~ v 

4. The standard curve consists of the following standards: 

5.· 

6. 

7. 

3 H111i-Q water blanks 
2-20 mg/L 
2-50 mg/L 
1-100 mg/L 
1·300 mg/L 
1·700'-.g/L 

The standards are carried through the digestion step. 

To S~ike: In a disposable cup, place 2.5 ml sample, add 2.5 mL 
of t e 300 mg/L standard. Hfx well. Take 2.5 nt. of this mixture, 
proceed as follows • 

Usfng the Oxford 0-5 ~ pipet, add 2.5 ml of sample, standard, 
blank or spike to the tube. Be careful to avoid air bubbles fn 
the pipet tip and to eject all of the sample. Cap tubes tightly 
and mix by inverting 10-12 times. · 

Place tubes in a block heater at lso•c for 2 hours. Block heater 
should be preheated at least 1 hour prior to use. 

Remove tubes from block heater. Cool to room temperature. Read the 
absorbance on spectrophotometer, set at 600 nm, usfng the sipper 
cell. Samples can be stored in refrigerator overnight and read 
the next day. Do not shake tubes. Be very careful not to aspirate 
any of the precipitate in the bottom of the tube. lnftfally zero 
wf th the blank standard, and after 20 samples rezero. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistant from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, spectrophotometer bulb, 
solution, etc.) 

2. A quali~ control calibration standard of 100 mg/L COD is to be 
analyzed, fnftfally and after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed fn the run is to be the calibration 
standard. These standards must be within the acceptable ranges or 
the samples run after the last acceptable check standard are to be 
reanalyzed. Record the calibration standards in the quality control 
book. The confidence limits are noted in the quality control book. 
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3. Duplicate and spike a miniumum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike recoveries and duplicate 
results are to be within acceptable ranges. 

Calculation: 

1. Calculate using linear regression. 

To Calculate Spike: 

S Recovery • 

Mi~nskens 
laboratory Managei 

~~ ~unropf>.. 

[Al-1-13] 

(spike value) - (O.S)(sample value) x 100 
ISO 

Revision Date 

7-23-86 
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C. Backing-up the Data Files 

1. Exft to DOS 

2. At C> Type: cd\ffalab\data. Press <enter> 

3. At C> Type: copy *.rpt a:. Press <enter> 
After everything is copied - remove disc. 

4. At C> Type: del *.*. Press <enter> 

5. Are you sure (Y/N)? Type: Y. Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to 
turn off the computer, printer and screen. 

~ ~~~ 11~st!;? 
Michael J. Linskens 
Laboratory Manager 

x· #. 
Kimltfri~ 
Analytical Laboratory QA/QC Officer 

~IJ-~ tawrence:nde rson 
Vice President, Technical Services 

[KAW-3-10] LAA-5 
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Scope and Application: 

TOTAL ORGANIC CARBON 

This method 1s applicable to surface water. sewage. 
wastewater. and groundwater. 

Method: Wet oxidation. non-dispersive infra-red detection 

Reference: EPA 1983. Method 415.1 and OI Model S24C Total Carbon System Manual 

Detection limit: 1.0 mg/l 

Optimum Range: 1.0-25 mg/l 

Sample Handling: Acidify with concentrated sulfuric acid to pH <2 and 
refrigerate at 4•c. Analyze within 28 days. 

'..;.d Reagents· and Apparatus: 

f~ 

v 

1. 01 Model 524C Total Carbon System 
2. 10 nt. sea led ampules 
3. Commercial grade 02 gas 
4. Disposable propane gas cylinder 
5. Commercial-grade N2 gas 
6. Eppendorf microliter pipet. 100-1000 ul 
7. Eppendorf macropfpet. 0-5 ll 
8. Silicone grease 
9. Saturated potassium persulfate soluUon 

10. Organic carbon standard solutions 
11. Phosphoric acid solution. lOS 
12. M illi -Q water 

Reagfnt Preparation: 

1. Total Organic Carbon (TOC) Stock Solution, 1000 mg/L: Dry potassium 
biphthalate (KHP) at Ios•c for 2 hours. Cool 1n a dessicator. 
Weigh exactly 2.1254 g KHP and dilute with Milli-Q water to 1000 
nt. in a volumetric flask. 

2. Standard Carbon Sol~tions: 

25 mg/L TOC Standard: To a 1000 ml volumetric flask. pipet 25.0 mL 
stock carbon solution. and dilute to the nark with Millf-Q water. 

10 mg/L TOC Standard: To a 1000 mt volumetric flask. pipet 10.0 ml 
stock cabron solution. and dilute to the mark with Milli-Q water. 

5 mg/L TOC Standard: To a 1000 mL volumetric flask. pipet 5.0 ml 
stock carbon solution. and dilute to the mark with Mf111-Q water. 

3 mg/L TOC Standard: To a 1000 ml volumetric flask. pipet 3.0 ml 
stock carbon solution. and dilute to the nark with Mf111-Q water. 

TOCl-1 
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3. 

4. 

Notes: 

1 mg/l TOC Standard: To a 100 mL volumetric flask, pipet 10.0 mL 
of a lo.o mg/l work carbon solution, and dilute to the mark with 
Mil 11 -Q water. 

Potassium Persulfate Solution, Saturated: Fill a 1 liter glass 
stoppered bottle 3/4 full with Millf-Q water. Add potassium 
persulfate until no more crystals will dissolve. 

Phosghoric acfd solution, lOS (v/v): Add 100 mL of phosphoric acid 
to 9 o mt M1111-0 water. 

1. Contamination can be a problem. Keep a!IJ)ules covered wfth aluminum 
foil after opening. 

2. Purge and seal the ampules believed to contain the lowest carbon 
content first. 

3. Always use clean purge tubes and purge cones. Clean with Milli-Q 
water, or a lOS HCL solution followed by Milli-Q water rinse. 

4. The flow rate of N2 must remain constant. 

5. Changes in flow rate may be due to: 

a. Exhausted primary drying tube 
b. leaky ampule seal 
c. Glass lodged in purge tube 

6. Check zero and span settings monthly. 

7. Change secondary drying tube daily • 

8. leave IR power on. 

9. High suspended solids can gfve variable results. It fs important 
that the sample is well mixed prior to measuring out the sample. 

Procf'dure: 

1. All glassware fs to be soap and water washed, tap rfnsed and Millf-Q 
rinsed prior to analysis. 

2. Snap open an ampule along scoring. 

3. Using Eppendorf 1000 microliter pfpet, pipet 1000 ul of saturated 
potassium persulfate solution into ampule. 

4. Using calibrated Oxford macropipet, carefully pipet 5.0 mL of 
· sample into ampule. 

5. Using Eppendorf 1000 microliter pipet, pipet 200 ul of lOS phosphoric 
acid solution into ampule. 
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6. Place ampule on purging rack and place a purge tube into ampule to 
the bottom of the ampule. (There is room to purge 10 samples at a 
time.) 

7. Purge each sample for at least 6 minutes with nitrogen (N2) gas. 

8. light microburner. Place ampule into clamping assembly, leaving purge 
tube in-place in ampule. Base of ampule should.be snug with base of 
clamping assembly. 

9. Swing microburner into place and seal ampule. 

10. Continue purging while sealing the tube being careful not to fuse 
the purging tube while sealing. Do this by raising the purge 
tube just above the sealing point of the ampule. 

11. Swing microburner back as soon as ampule fs sealed. 

12. Remove sealed ampule from holder. Open clamping assembly and drop hot 
ampule tip into a beaker partially filled with water. 

13. Continue with steps 8-11 for the remaining samples. 

14. Place ampules in an oven set at 95•c for 2 hours. Cool. 

15. Place plastic stress adaptor and gum rubber seal on neck of ampule. 
(Silicon grease may be necessary.) 

16. Place ampule in breaking assembly and turn clamping screw until ampule 
is firmly in-place. Check seals to make sure these are no air leaks. 

17. Lower purge tube until it is level with the tip of the ampule. 

18. Open zero gas valve (N2)• Adjust flow to 13 (200 ml/min.) on 
flowmeter. Purge air from top of ampule until integrator stops. 
Clear integrator. 

19. Close zero gas valve (N2)• Waft for flow to drop to zero. 

20. Ra f se purgP. tube clear of plunger cutters .. 

21. Break ampule with a downward, twisting motion. 

22. Check ampule for cracks or leaks. 

23. Put purge tube down into solution fn ampule, about 1/8• from bottom. 

24. Open zero gas valve (N2)• Flow rate should be 13 (200 ml/min.). 

25. Allow ampule to purge until integrator stops. 

26. Record the reading and clear the integrator. 

27. Remove ampule from assembly and discard. 
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Daily Instrument Set-Up: 

1. 

2. 

3. 

4. 

s. 

6. 

7. 

a. 

9. 

10. 

Check to make sure the IR detector 1s on (red light should be on). 
If not left on. allow warm-up time of at least one hour. 

Place standardization vfal wfth plastic adapter and gum rubber seal 
in ampule-breaking assembly. 

Turn valves on front panel to •Ampule Mode• and •t.R. Flow•. 

Open N2 va 1 ve on top of tank (pressure regula tor set at 20 PSI). 

Open zero gas CN2) valve by lifting handle strafght out. 

Adjust flow rate to a flow meter reading of 13 (200 ml/min). 

Turn integrator unit on clear and zero. 

Check purging and sealing unit to ensure that a disposable propane gas 
cylinder is connected to adapter. 

Open 02 valve on top of tank (pressure regulator set at 20 PSI). 

Turn on catalyst heater on front panel of purge and seal unit. Allow 
unit to purge at 500 •c for one hour. · 

11. Check the ascarite in the tubes fn the sides of the units. It should 
be brown to light tan in color. If white. it is C02 saturated and must 
be replaced. 

12. Check Clryi ng tubes on front of ampule pane 1. If they appear wet or 
•clumpy•. replace with fresh dessicant (magnesium perchlorate). 

'J 13. Change secondary drying tube. 

Daily Instrument Shut-Down: 

1. Turn integrator power switch off. 

2. Close 02. propane. and N2 cylinder valves. 

3. Close 02 and N2 toggle valves. 

4. Remove and clean cutter plunger and barrel wfth Mfllf-Q water. Wipe dry. 

5. lubricate 0-rfngs with silicone grease and re-install cutter plunger and 
barrel. 

6. Re-install standardization vial. 

7. Turn catalyst heater switch off. 

8. leave I.R. power on. 

TOCl-4 
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Quality Control: 

1. Standard curve is to consist of the following standards; set 
in duplicate: 

Millf-Q water blank 
1.0 mg/L 
3.0 mg/L 
5.0 mg/L 

10 • .0 mg/L 
20.0 mg/L 

2. The quality control check standard fs to be analyzed before and 
after every 10 samples. The 10 mg/l check standard llllst be within 
the critical levels or the samples analyzed prior to the last 
check standard are to be reanalyzed. Before the samples are 
reanalyzed, the analyst must diagnose the problem and consult with 
the laboratory supervisor until the problem has been resolved and 
approved. Record the result of the check standard in the quality 
control check standard book. 

3. Duplicate 1 out of 10 samples. 
a duplicate is still required. 

If less than 10 samples are analyzed, 
Average the results. 

4. Spike 1 out of 10 samples. If less than 10 samples are analyzed, 
a spike is still required. For spikes, pipet 4 mL of sample 
and 1 ml of 20 mg/L organf~ carbon standard. Spike recoveries 
and duplicate results are to be wfthfn acceptable calculated ranges. 

Calculation: 

· 1. Plot a standard curve from a series of standards. Calculate directly 
from graph. 

2. Calculate using linear regression. 

~~ tt{~4t? 
Michael J. L1nskens 
Laboratory Manager 

\\~':\~ 
Kim D. Finner 
::: Assura"t:'J Offf cer 

-~ --~RU:,_.t.. -
awrenc{O:Zndersen 

Vice President, Technical Services 

(ALM-lA-1] 
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TOTAL SUSPENDED SOLIDS 

Scope and Application: This method is applicable to drinking water, 
surface water, groundwater, domestic and industrial 
wastewaters. 

Method: Gravimetric, dried at 103-lOS•c 

Reference: EPA 1983, Method 160.2 

l Detection Limit: 2 mg/L (using a 500 ft. sample volume) 

Sample Handling: Refrigerate at 4•c and analyze within 7 days of sampling. 

Reagents and Apparatus: 

1. Glass fiber filters, Whatman GF/C 
2. Gelman filtration funnel and support 
3. Suction flask, 1000 ml. 
4. Aluminum foil weighing dishes 
5. Graduated cyl1 nder, 100 mL 
6. Drying oven set at 103-los•c 
7. Oessicator 
8. Analytical balance 
9. Deionized water 

Notes: 

1. Interferences: Samples with high dissolved solids may have a 
positive interference, and the filter should therefore be rinsed 
well with deionized water under suction after the sample has gone 
through the filter. 

2. Select a sample volume that will filter without overloading the 
filter. The amount of vacuum applied to filter the sample should 
not be excessive. Excessive vacuum will cause the filter to 
breakdown and lose weight. 

P;·ocedure: 

1. All glassware is to be soap and water washed, tap rinsed, and 
deionized rinsed prfor to analysis. 

2. Prepare the glass fiber filter by placing ft on the filter support, 
applying vacuum, and rinsing with three-20 mL portions of deionized 
water through ft. 

3. Place the filter fn an aluminum weighing dish and dry at 103-lOs•c 
for one hour. 

4. Place in a dessfcator, and cool before weighing (at least one 
hour). Repeat this cycle until a constant weight (+ 0.5 mg) is 
obtained. Filters may be prepared ahead of tfme and stored in 
the dessicator until ready to use. 

TSSl-1 
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5. Weigh the aluminum dish containing the prepared filter on the 
analytical balance and record the weight. 

6. Assemble the filtering apparatus. Begin applying vacuum. Wet 
the filter with a little D.I. water. 

7. Shake the sample well and pour an appropriate volume using a 
graduated cylinder. The use of pipets is required for volumes 
of 25 ml and less. Record the volume. 

8. With the vacuum still on, rfnse the apparatus with 3-10 nt 
portions of D.I. water. Continue the vacuum until filtration 
is complete. 

9. Wfth forceps, carefully remove the filter from the support and 
place fn the~ aluminum dish. 

10. Place fn the drying oven and dry at 103-lOS•c for one hour. 

11. Cool in a dessicator for one hour and weigh. Record the weight. 

12. Repeat dryfng cycle untfl wefght change is !0.5 mg. Record the 
final weight. 

Quality Control: 

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, 
a duplicate is still required. Duplicates should be within acceptable 
ranges. Duplicates are to be averaged. 

2. A blank dish and filter are carried through the entfre procedure. as 
a check on contamination (cleanliness of dishes, oven, pipettes. etc.) 

Ca 1 cula tions: 

TSS, mg/L = (A-8) X 1000000 
c 

Where A • wef9ht of fflterp ~lumfnum pan and ~esidue (g) 
B = weight of filter and aluminum pan (g) 
C = sample volume (ml) 

Revision Date 
. ~ M~nsliens 7

-
23

-
86 

La bora tory Manager s-.J 1- ~ ~-

~to: 'fin~ 
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TOTAL DISSOLVED SOLIDS 

Scope and Application: This method is applicable to drinking water, surface 
water, groundwater, and domestic and industrial 
wastewaters. 

Method: Gravimetric, dried at tso•c 

Reference: EPA 1983, Method 160.1 

Detection Limit: 10 '9/L (using a 100 mL sample volume) 

Sample Handling: Refrigerate at 4•c and analyze sample within 7 days of sampling. 

Reagents and Apparatus: 

1. Glass fiber filters, Whatman GF/C 
2. Gelman filtration funnel and support 
3. Suction flask, 1000 mL 
4. Porcelain evaporating dishes 
5_. Graduated cylinder, 100 d. 
6. Drying oven at lso•c + 2•c 
1. Dessicator -
8. Analytical balance 
9. Deionized water 

Notes: 

1. Interferences: Samples with high concentrations of bicarbonate, 
ca. Mg. Cl, and so4 will require prolonged drying, dessication, 
and rapid weighing. 

2. Total residue should be < 200 mg. Excessive residue (>200 mg) 
is difficult to dry thoroughly. Use a smaller volume if TDS is 
suspected to be high; likewise use a larger volume if TDS is 
suspected to low. 

3. Groundwater samples which have already been filtered through a 
0.45 ~ir.rnn membrane filter do not need to bP carrfed through 
the filtration step of the procedure. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and 
deionized rinsed prior to analysis. 

2. Evaporating Dish Preparation: If volatile dissolved solids fs 
also to be analyzed, prepare the evaporating dishes by ashing at 
550 +so·c for one hour in a muffle furnace. 

Otherwise, heat the dishes at 180 + 2•c for one hour. Cool in 
dessicator. Weigh. Record the welght. The dishes must be cool 
before being weighed (about one hour). Repeat this cycle until 
a constant weight is obtained (~ 0.5 mg). Weigh just before use. 

TOSl-1 
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Filter Prefaratton: Place the glass ftber fflter on the ffltratfon 
support, p ace the funnel on top. and wash the filter with three-20 
ml portions of deionized water whfle vacuum is applied. Discard 
the washings. The filters may be prepared ahead of time. If 
this is the case, dry them for 1 hour at 103 - 1os•c and store 
in the dessfcator until needed. 

Assemble the filtering apparatus. place a prepared filter on 
the support and begin suction. Shake the sample and measure out 
100 ml in graduated cylinder. 

Filter the sample, then rinse the cylinder and funnel with a small 
amount of defonfzed water. Apply vacuum untfl all the sample 
has been filtered. Rinse with 3 - 10 mL portions of D.l. water 
and continue the vacuum until filtration is complete. 

6. Pipet 50 mL of the filtrate (less, ff the sample is expected to 
have a hfgh dissolved solids content) fnto a prepared evaporating 
df sh. 

7. Evaporate the sample to dryness fn the oven at 180 *2•c. Cool 
fn a dessfcator for at least one hour and weigh. Repeat the 
drying cycle until the weight loss is <0.5 mg. 

Qua 1 ity Control: 

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, 
a duplicate fs still required. Duplicates should be within acceptable 
ranges. Duplicate results are to be averaged. 

2. A blank must be analyzed with each run. (This fs a check on 
contamination, cleanliness of dishes, oven. pipettes, etc.). 

Ca 1 cu 1 aU on: 

TDS, mg/L • (A-B) X 1000000 
c 

Where A • weight of dish plus residue (g) 
8 • weight of dish (g) 
C = volume of filtered ~dB~~~ usej (ml) 

Michael J. Linskens 
Laboratory Manager 

~~~CM\a"-
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CATION EXCHANGE CAPACITY OF SOILS 

Scope of ApPlication: This method is applicable to soil samples collected as 
part of the American Chemical Services RI/FS. A total 
of 20 soil samples are anticipated. 

Method: Cation exchange capacity of soils. 

Reference: ASA-SSSA, 1982. Methods of Soil Analysis, Part 2. Che.ical and 
Microbiological Properties. Agronomy Monograph No. 9 (2nd 
Edition). . 

Sample Handling: Samples will be air dried at 60•c upon receipt. A separate 
sample aliquot will be oven dried to detenaine moisture 
content. Samples will be stored until analysis. 

Interference - Corrective Action: If the soil is initially high in salts 
(EC ~ 4 mmho/cm) wash the soil with one 
33-ml increment of water before beginning 
saturation (avoid excessive washing to 
prevent loss of particles during , ~ 
decantation). ~ 

Oua11tv Control 

1. Laboratory duplicates should be run at a frequency of one per ten 
investigative samples and at least one per sample set. Duplicates should 
agree within 20 percent. 

Apparatus: 

1. Atomic absorption spectrometer 
2. Centrifuge 
3. Round-bottom, narrow-neck centrifuge tubes, 50 ml 
4. Ultrasonic disperser with microtip focusing horn 
5. Reciprocating shaker 
6. Balance (.01 g sensitivity} 
7. Automatic coulometric/amperometric Cl-titrator 

Reagents: 

1. 

2. 

Satur·at1ng solution, 0.4N Na0Ac-0.1N, t4aC•, 60:\ ethanol, pH 8.~ solution: 
Combine 544.32 g of sodium acetate (NaOAc), 58.44 g of sodium chloride 
(NACl), and 6 liters of ethanol, and dilute to 10 liters with distilled 
water. Adjust the pH by stirring and dropwise addition of 6N sodium 
hydroxide (NaOH). Determine the Na/Cl ratio of this solution. 

Extracting solution, O.SN magnesium nitrate [Mg(N03)]: Weigh ~ut 641.1 g 
of Mg(N03}2•6H20, and dilute to 10 liters. 
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3. Suppresant solution for Na+: Add 6.358 g of lithium chloride (LiCl) and 
make to 1 liter 1n distilled water (0.15N). · 

4. N1tric acid-acetic acid/polyvinyl alcohol (PYA): Dissolve 1.8 g of 
powdered PYA in 100 ml of demineralized water with heating and stirring, 
cool to room temperature. Add 6.4 ml of cone nitric acid (HN03} and 100 
ml of glacial acetic acid to a 1-liter volumetric flask containing 600 ml 
of demineralized water, and mix thoroughly. Add the cooled PYA solution 
to the nitric acid-acetic acid solution, mix, cool, and .ake to volume 
with demineralized water. Store this nitric acid-acetic acid/PYA reagent 
1n a tightly stoppered container at room temperature. This reagent is 
stable for at least 12 .anths. 

Procedure: 
~ 
~ Sample Preparation 

1. Weigh out samples of 4 to 5 g of air-dry so11 (correct to oven-dry 
~ moisture content as determined using a separate subsample), and place in 

centrifuge tube. 

'~ .;,::.J 

2. Add 33 ml of saturating solution, stopper the tube, and shake for 5 min. 
Unstopper, and centrifuge at relative centrigual force of 1,000 until the 
supernatant liquid is clear (about 5 min). Decan the supernatant liquid 
and discard. Add fresh saturating, solution, insert sonifier tip, and 
•sonify• for 10 to 30 sec to aisperse sediment, then continue as above. 
Make four successive •equilibrations,• discarding the supernatant liquid 
each time. 

3. Add 33 ml of extracting solution, shake for 5 min, centrifuge until the 
supernatant liquid is clear, and decant the extracted solution into a 
100-ml volumetric flask. Repeat the extraction steps two more times with 
fresh extracting solution, and make to volume • 

4. Determine Na+ (Nat) and cl-(Clt) 1n dilutions of th1s extracted solution 
using standards made up in the same batch of extracting solution. 
Chloride is L~~ermined so that the soluble Na+ (Nasol) carried over from 
the saturation step to the extraction step can be deducted from the total 
Na ~o obtain exchangeable Na+ (Naexch): 

CEC • (Nat - Nasol) • Nat - (Clt) (Na/Cl)sat sol 

Chloride Determination: 

5. Add 4 ml of nitric acid-acetic acid/PYA reagent together with a sample 
aliquot ((3 ml) to a titration vial. 

6. Position vial in the coulometric/amperometric titrator, immersing the 
electrode assembly into the solution. 
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7. Zero the t1.er, and initiate automatic titration at low, medium, or high 
current setting. Note the titration times of blank, standards, and 
samples. 

Sodium Determination 

8. Add enough 11thiu. chloride suppressant solution to sample, blank and 
standard aliquots to give lOS (by volume) 1n the final solution. 

9. Adjust the atomic absorption spectrometer controls and settings for 
sodium as recommended by the manufacturer. 

10. Calibrate the instrument with at least 4 Na standard solutions ranging 
from 0 to 1 meq/11ter. 

11. Any dilutions should be made 1n such a way that the standards and 
unknowns have tt.e same final Mg{N03)2 concentration. 

12. Record results fn meq Na+/liter of aspirated solution. 

Calculations: 

Cloride 

c1- in meq/11ter 
• (K) (Titration time of sample minus titration time of blank)/aliquot 

where K is a standardization factor and aliquot 1s sample size 1n •1. 

K • (Volume of c1- standard fn ml) (Cone of c1- standard 1n 
meq/11ter/(t1trat1on time of standard minus blank). 

Sodium: 

Na+ meq/11ter original sample 

• (meq Na+/ltter ii. :!spirated sample) x (analytical dilution factor) 

Cat1'oli Exchang~ CapacHy: 

CEC 1n meq/100 g • (10/we1ght soil sample 1n g) 

[(Na concentration in meq/11ter) (DFNa) - (Cl concentration 1n meq/11ter) 

(DFcl) (NaCl)sat soll 

where DF represents the dilution factor, f.e., (final analytical volume fn 
milliliters)/(aliquot volume in mi11111ters). 

[jpl-602-47] 



r 
f . 
• 

r .. . , . 

r • 

r 
I 

r 

r 
r 

?10.-' .. 'J 

' . r 
' 1 

' J 

' .i 

I 
f 

' J 

GRAIN SIZE ANALYSIS OF SOIL 

Scope and Application: This method is applicable to soil samples collected as 
part of the Muskego Sanitary Landfill RI/FS. The 
Muskego site RI/FS is a PRP lead investigation • 

Method: Particle size analysis of soil. 
l 

Reference: ASTM Me~hods 0421, and 0422 and 02217 (see attached). 

Detection Limit: 2 percent by weight. 

Sample Handling: Samples will be air dried at 6o•c upon receipt. After 
drying. the sample, or a representative portion of the 
sample. will be separated into fractions passing and 
retained on a 2mm sieve per ASTM Method 0421 or D2217. 
The fractions will then be stored until analysis. 

Reagents and Apparatus: 

1. Balance (0.01 g sensitivity) 
2. Dispersion cup 
3.. Hydrometer . 
4. Sedimentation c.ylinder . 
5. Thermometer (D.s•c sensiti"vity) 
6. Sieves (see ASTM D422 Section 3.6) 
7. Temperature controlled room (+l.C) 
8. 4S Sodium hexametaphosphate solution 

Reagent Preparation: 

The sodium hexametaphosphate solution is to have been prepared within 30 
days of use. · 

Procedures: 

1. The sample fraction greater than 2m is fractioned by sieving using 
sieves and procod•.!res as outlined in Section 6 o~ ASTM D422. The sum 
of the masses of the sieved fractions should be within + 2 g of the 
original fraction RRss. -

2. Determine the hygroscopic moisture content of the less than 2mm 
fraction by drying a minimum 10 to 15 g subsample to constant weight 
at 110 plus or minus 5 degree C. 

3. Disperse a 50 g sample if the sample is primarily silt and clay or a 
100 g sample is primarily sand for one minute using a dispersion cup 
as outlined in Section 9 of ASTM 0422. 

GRAIN 
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4. Transfer the dispersed sample to a sedimentation cylinder. suspend the 
sample by successive inversions and record hydrometer readings after 
sedimentation times of 1. 2. 3. 6. 15. 60. 120. 300. 420 and 1440 
minutes. 

5. After hydrometer readings are complete. the hydrometer and hygroscopic 
moisture specimens are combined with the remaining PlO and RlO aaterial 
for sieving. 

Reportab les: 

1. Submit all raw data including container tare weights. hydrometer 
readings (along with any correction factor associated with the 
hydrometer used) and temperatures. 

2. A data summary will be provided as described in Sections 17 and 18 of 
ASTM Method 0422. 

Quality Control: 

1. laboratory Duplicates will be run at a frequency of one per ten 
investigative samples and at least one per sample set. Duplicates 
should agree within 10 percent. · 

2. If performance criteria for duplicates is exceeded. the Warzyn project 
manager (Mike Radcliffe. 608-273-Q440) should be notified as soon as 
possible so a determination regarding reanalysis can be made. 

KOF/DLN/RHW 

[KAW-7-26] GRAIN 



Nun: 9-0ihcr Itt 1i1u tut proccdutcs arc bcln& 
.1rcparcd by ASTM Commillcc D·ll. 

9.2 The soil and rock invcsli&ation should 
:un~i$1 of the .following steps. 

9.2.1 A review of all available Information 
In lhC &eOIO&iC history and formal iOn or rock, 
•r ~oil. or bolh, and sround-waaer conditions 
~~·~:urrin& 11 the proposed location and In the 
rnmc:diite vicinity. 

only In lerms or ICIU'o...-.nc(Jand make._ ...... , 
ctron lo c~llccland include all field and ~~~~~!b 
ralory data from previous lnvesaiaations 
same area. Extrapolation of data into 
areas nol aurvcyed and tested can be done 
where acoloaically uniform subsurface 
ailion or ~oil and rock arc known 10 
Enaineerina propcnlcs of thc aoils and rodl 
encountered on lmponanl projecta should IIi 
be predicl'.d wholly on field ldcnlificallolll · 
classilicatLn but ahould be checked by .. ""'!•-•~:· 
ralory and field lcsls made on samples 
in accordance wilh 8.1 and 9.1. 

Dealg~allon: 0 47 
'-..../ 

Standard Practice for 
DRY PREPARATION OF SOIL SAMPLES FOR PARTICLE· 
SIZE ANALYSIS AND DETERMINATION OF SOIL 
CONSTANTS1 

9.2.2 On-sile invcstiaation of the surface and 
uhsurface materials by either wash borlnas. 
1and· or power·auscr borinss. test pits, rotary 
11 Cible·tOOI (ChUrn) driiJina, and seophyaical 
IIC:thods. 11.2 The recommendations tor 11 issued ullekrlhc liard dcN'""io" o 411: 1hc """'hcrl.,.llltdla~elr tollowl•a•tor dni,,..,;o,. hwlit•"''"' rcat e1 ramclen can be made only by pnii'-IIIKIIII or,lnlhc nK ot n•ilion. 1hc rear ellall rcYiUoA. A 1111mbcr ill perc••hnn illdintca 1hc rc•r ella" rc.,....,.•L !.1.2.2.1 A determination of the depths 10 wa· 
:r table and firm foundation material, either 
cdmck or satisfactory load·bcarins aoils. 
9.2.2.2 Field identification or soil and rock 

tpc:s wi1h depth records of their occurrence, 
nd location or their structural discontinuities. 

cnainccrs or acoloaim who have ·f·~~, ... :ntJtlcM tpailo• (o)llldinln an tdilothl cllanat UIK'C lllc llll rt•illon ot ICIPI'fOYII. 

'U.2.3 The recovery of representative dis· 
trbcd samples for laboratory classllication 
:s1~ of soil, rock, and local construction mate· 
nl. These should be aupplcmentcd by undls• 
1rhcd ~pecimcns suitable tor the determination 
( lhmc en&incerin& propcrliea pcnincniiO the 
1 1·c~ 1 i &i 1 ion. 
9.2.J An evaluation of performance of uisl• 
s in~ullalions in the immediate vicinity or 
c proposed site, relative 10 their foundation 
alcrial and environment. 

1, Claulncatlon of Maccrlll 
10.1 Treat samples of soils and rock submit· 

d to the laboratory for identification and 
mificalion tests in accordance with one or 
c fullowins: 
111.1.1 Test Method D 2487. 
I ll.l.2 Practice 0 J282. 
I ll.l J Descriptive Nomenclature C 294. 

1i., i~ a brief, useful description or the more 
mmon minerals and rocks as they occur In 
111rc:. 

. lnlc:rpn:latlon of Results 
11.1 ln1erprct the results of an invcstl&alion 

lb~ field or soils and foundations or 
enalnccring. and who arc familiar 
problems for which the aludy Is bcina -··l."·•ru::~·•• 'This practice covers the dry p~p:a1111ion 
Soi.l mcchcnlcs, rock mechanics, and samples as received (rom the field for 
pholoalcal concepts must be withDrllllicle·slzc analysis and the determination or 
knowledJC O( llNCIUtll or pavement en&laccri soil COnSianiS. 
In& In order to make a complete applicatioetl .l Tills standard may /w~o/y~ /razardtms ma· 
the rcsuha or I he soil and rock survey. A (lf'('ratlolls, a11d rquipmrnt. Tills sta11JarJ 
detailed study Chan thai envisioned by 1101 purport tu odtlr~ss all o/thr sqfrtJ' pmb· 
recommended practice may be necessary bcro. •ssoclatrJ ll'ltll its uu. It is thr rrst1011Sibil· 
dcsian recommendations can be made. .<~ rurs this sta11durd to collsult and 

o!! :sofi'ly and hrolth practius 
ll. Report thr npplic:nbilit)'U/rC'gltlatoryliml· 

12.1 A aubsurtace lnvestl&allon rcpoJ prior to lllr. 
ahould: ~ 

12.1.1 Locate the area investiaated in ..... w··~~- Applkallle Dotumc:nls 
pcnincnl to the project. This may Jndui ·u ASTAI Standards: 
sketch map! or aerial photos on which the~ .·02217 Practice for Wet Preparation or Soil 
holes, phs, ;nd sample areas are l~ltd, J · ~mplcs (or Panicle-Size Analysis and De· 
well as topographic hems relevant to the dCCO: acrmination of Soil Constants

1 

mlnaalon of the various soil and rock cypc( E II Specification tor Wire-Cloth Sieves for 
such as contours. sareambeds, pol holes, dilrfl · Tntln& Purposes, 
CIC. Where feasible, Include • acoloalc map .. 
the area lnv~lllaatcd In the rcpon. 

12.1.2 Include copies ohll borlnas and' tat; ·).I This practice can be used to prepare sam· 
hole loss an<i or all laboratory test resulll. · . ;: (or panicle-size and plastlcily tests where h 

12.1.) De::cribc and relate the findinp ~ clnired 10 determine test values on air-dried 
lained under Sections 3, 4, S, and 6, uslna ..e· • ., ..... ,IJIC •• or where il is known that air dryin& 
subhead lillc3 for the respective sections. • have an cfTecl on test results relative to 

•l•r••"'""~· prepared In accordance with Practice I ~t ·'""~;,.,~ Sotln.r for Ttlll"f 011~ Mo1,lol1 1d11 1011 ,.,,,.,. IIIIHII~tl 11" '~I o/ Ml ,_,_ tllltll olllfffl •. .,,.,.,,,,. •••A 011.r '"'" ,.,,.,,.,.,~ /111Al1 ,,,.~.,~ U~trl -frAil ,,,.,u,~ 1111 till'"'" ~rrbttl "'"' """'"llulllo11 -{lilt NMJI l217 • •~•· noo·A 1•1t11t ri,AII. ou tAt rllt of "'f•"'l""'"' of1Wio tlfloll • .,, lfllktly 1low OMI '"!OtUI&IIhy. ·f 
71\u Jloii!Jarlll IIIII jut ro "•11/o,. •I .,, ''"'' 6 y rAt "'1-.ullllt ltclilokol t01111mkiH uti- k ttrltwtl '"'1 jiH •' I if""' rnlu~. tllAtt ,.,, • .,,., wliA~ro•.,., Yow t0-11111 ,, lllrllttl tiiAII fH rtrW.tt oftl.lt IIMIMtl, Jtt 
•tlatdl 011d lhllli lit otllr11"'l" ASTN lltotlpon111. Yow tti-CII/1 will t«tl" tMtfo/ t~rulltrtlll•11 tit,_ .. , .... ., .. 
IOIIJO/olt lltlillkol t•lfltrtflllt, w#olcA .f'll -~ IIIII II~ If,..,,, tlltll,..., ttl-1111 lt.rt 11111 llttffiJ oftl" ,,.,,., .f'll lr J.,w, rlt•·• h••• t• 1111 ASTM Co'"'"'"".,. Sl•,.~•rth, ,, flo11 .ft., IAII~~•Iflolt, Ia I,OJ. 

Apparatus 
U Dnla11rr, sensitive 10 0.1 &· 
4.2 AltJTtur tmtl Ruhllt•r·Cm-c•rr'J l'c•.ftlc•. suit I· 

blc for breakin& up the •ureaations or soil par­
ticles. 

4.J Si~rs-A series of sieves, ofsqua~ mesh 
woven wire cloth, conformin& to Specification 
E II. The sieves required arc as follows: 

No. 4 (.US~mm) 
No. 10 (l.OO.mm) 
No. ~0 (~lS·Jim) 

4.4 Smii/IIC'r-A rime sampler or sample split· 
ter, tor quanerin&thc samples. 

S. Sampllnc 
~.I Expose the soil sample as rc.ccived 'rrom 

the field 10 the air 11 room tcmpcratu~ until 
dried lhorou&hly. B~ak up the agrcptions thor· 
ou&hly in the monar with a rubbcHovered pes­
tle. Select a representative sample of the amount 
required 10 perform the desired tests by the 
method Of QUir1Crin& Of by the USC of I sampler. 
The amouius of material requi~d to perform the 
individual tests arc as follows: 

~.1.1 PartiC'Ir·SI:r Ana~1·:sls-For the panicle· 
size an•lysls, material passin& a No. 10 (2.00. 
mm) sieve Is required in amounts equal to II~ 1 
or sandy soils and 6~ 1 of either sih or clay soils. 

~. 1.2 Tr.tiJ /tiT S11il Ctmsta11U-For the tests 
tor soil constants. material passin& the No. 40 

1 Tlli1 priCiict h vlldcr lhc }llrildic1ioft el ASTM C0111111i1w 
0.11 Oft Soli! alld Jtod alld ia 1hc dioca rcljiOAaibilitr el 
Sllbtom.,.inH DII.Ol o• Ttllll", ,..aniritr. and Otntilr C1ur· 
IC'Itrillin el Soilt. 

Cllllcnr colitioft aPPIO"CCC J11lr 16, I tiS. ,.,..lahcd Sc,.,,.. 
bcr '"'· Oriai,.anr publiahcd •• o 4JI- JS T. ~ .. '""""' rdi1io• 0 4U • S1 (1911)'1• 

1.4""""' I,.J. r( A!iTAI SIMJrlr/1, Voi6UI. 
1 .4""""' 1••.4 tt/ AS1'Af St....A,Jt, Vol 14 .Ol. 
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(41J-pm) sieve is required In total amount ofl20 
,. Dllocated as follows: 

Test 
Liquid limh 
Plastic limit 
C'cnu;ru,c mobturc equivalent 
Volumcuic sllrinkaJc 
Check ICSU 

Orams 
100 

IS 
10 
JO 
65 

ond slcvina rrcc or all nne material, dr'i, ... \ 
weiah. Record this mass as the mass or coanc . 
material: Sieve the coarse material, aner bei" } · 
washed and dried, on the No.4 (4.7.5-mm)sint 
and record .he mass retained on the No. 4 sic'IC. 

7. Tut Sample ror Particle-Size Analysis lj:: .. 
t: 

7.1 Thorou&hly mia IOJCihcr the rnctiON v 
pusin& the No. 10 (2.00-mm) sieve in both lief.· 

Standard Method for 

PARTICLE·SIZE ANALYSIS OF SOILS' 

6. rrcpantion or Test Sample 
fl. I Select that portion or the air~ricd sample 

~rc:~·•cd for purpose or tests and record the mass 
as the: mass of the total test sample uncorrected 
(or hY&roscopic moisture. Separate the lest sam· 
ric hy sievina with a No. 10 (1.00-mm) sieve. 
Grind th:at rraction retained on the No. 10 sieve 
in :a mortar with a rubber-covered pestle until 
lht' :~uregations or soil panicles arc broken up 
infO the separate arainl. Then separate the 
ground soil into two rractions by sicvin& with a 
No. 10 sieve. 

ina operations. and by the method or quartcmc: ~~1.. 
Of the USC or I sampler, select I portion wci•"i"": 1\11 .. lldlrd Ia lulled ulldcr I he liacd claia11a1io11 D 4ll; lhc •umber halftfdialdJ (ollowi11a the dcsi&llllio. lndiula the ,_. o1 

I""' _..., edoplioll Of, lathe cue ol rcvlsioA, the )'W ollul rcviliotl. A •umber In pueatllaa 1114icala the ,_. ollul rca..,....a. 
approalmiiCI)' 115 J ror IIndy SOilS and a~.

1 

~llpc.neripc tpellon (o) llld~attSIII tdhonal rhanat siiiCt the laM rtYIUOII Of rca..,....a. 

imatcly 6.5 a ror silt and clay soil ror particle-a.: ·' tlon-5cctlon 2 ,., aclded cdiloriallr and aubltqucat 1«1lont , ... umbered Ill July 1914. 
analysis. · l .~, 

t..2 Wash that rraction retained aOer the SCC· 

'\.! ...... 
a. Test Sample ror Soli Constants ... ~1. Scope 

8.1 Separate the remalnina portion of the J; \: 1.1 This method covers the quantilaclve de· 
terial passina the No. 10 (2.00-mm) sieve. late' ~~mnlnation or the distribution or particle sites 
two parts by means or a No. 40 (42~·pm) slew.~ lla"ioils. The distribution or particle sim laraer 
Discard the rracdon retained on the No. 40 slew.~ ·iltin 7.5 pm (retained on the No. 200 sieve) is 
Usc the fraction pas.slnathe No. 40 slcvc.forttll' ilctermlned by sievlna, while the distribution of 
determination orahe soil constants. . ~:~ 'P.nicle sites smaller than 7S pm Is determined 

· .I-• 11J s sedimentation process, uslna a hydrometer d .. _ h 
. .11 ., secure I e necessary dlla (Notes I and 2). 

7 h•· A1,.,.,.;.-.,~ .fl'lritfy f,x Trul~l •"' /.lllrrl•lll.kfl lltl,ollthM mptallll tilt ·-.J/411ft{Mf lfllffll tltAII e~Uttri /11 ~~ •J. • . 
• uA .,4,. ;,,,,. mrfttl•wt(f/ I• tAl• J111ttd••d. U1rr1 t{tAIJ 11MdMI., t~fl'tlllf.ni•fl 111M ltt,.,l,.,IM t{tlit Nll.tl•f t{ ••1• · ~ Non l-5epantion may be made on the No. 4 
,~,,. .• , •iJAII. ""'tAr riJl tllto/•i~'''"'"' t{ •wll rltAIJ. .,, ""'"'''"'''....,. ttJnN/611111. • ~; (t.U-mm), No. 40 (425-llm), or No. 200 (7S11m) sieve 

• , 1 ~ iallud or the No. 10. For whatever sieve used, chc sicc 
71.,., ,,.,.,.,, ;, ,,,.jrrr tn rtYI1itttt , ••flltrtt ''tilt '"f'OIIJlbk trrW~ tomlflllll~ •~~~•• 61 trtlrwri rm'l /ht,.,. Ill W be indicated In the report. 

,, ... ~ •mrri. tiolln ,,.,.,,.,r~, ,..,,,., • ...,._ r-~· ., ,,..,,r~ ritllrr ,_ ,.,.,. "',,.,, IIMMri., /« UJIII.J ••• Nora 2-Two types of diapenlon devices IR pto-
"'"'JnrJ> •"" '"'"'"' 1w u.t•mN Itt ASTI>I 11~""'"" r- ,__,wilt ttrti., c-dtJ fOIUidrriiiiM • • rrrttl/111 t/t/Jt. ~:(/)a hlah·speed mechanical stirrer, and (1) air 
,,.,,.,, .. ;,.,,. lt't'llniral ,...,.,.;,,.,. wAicA JW-tllltflti. I/ 'Ifill 1M 111111 ,_ ,_,,..,, ~~~~~ *" tt«<'IH • ~'' ,.,.,,., JIOII IAaM. ~nlon. Eatcnsivc lnvcstiption• indicate that air· 
,,,(, ,.,,., ,,.,....,,,..,Itt tAr AST/.1 c-mlltN ... St•ttdMIJ. IP/1 A«t St~ fll/luti,AI& 1A lfiDJ. ~~ :~mon devices ptoducc 1 more posilivc dispcni011 

, tl plastic soils below the 20-jlm aile end tppreciably 
~.! badearadadon on aU sizes when used with sandy soils. 

·I 

I! lcnuiC or the definite advantaaet ravorina air disper• 
iolt, 111 uM Is RCOmmendcd. The mutu from lhc t-

; :;: ·!r.~.=l ~~:!.1rte~11J~!~~:'=~n~.:= 
· ·. ·;,; ~budon, especially fot sizes lh1cr thaft 20 '""· 

I• .. 
~:Applicable Documents 

'. 
1 j. 11 ASTM Sumdards: 

• 1 I' 0421 Practice ror Dry Preparation or Soil 
'1 I Samples ror Particlc·Size Analysis and De· 
·•. r: · termination or Soil Constants1 

~ E II Specification ror Wire-Ooth Sieves ror 
t~ ·. .', Testina Purposcs1 

·~ ; ~· E 100 Specification ror ASTM Hydrometers• 
. ,, ~~ .. 

1 
~ Apparatus 

-~ ~ ::.3.1 Dalancts-A balance sensitive to 0.01 1 
· i :llrwtiahin&thc materiDI pr--!"la No. 10 (2.00· 
; ·•m) sieve. and a balance .itlve to 0.1 " or 

· ~ ~mass or the sample to be wciahed for weiahina 
I 

the macerial retained on a No. 10 sieve. 
J.l Stlrrlnt Appdralus-Either apparatus A 

or B may be used. 
3.2.1 Apparatus A shall consist or a mechan· 

ically operated scirrina device in which a suitably 
mounted electric mocor turn• a vertical shan at 
llpeed or not less thin 10 ()()()rpm without lOIII. 
The shan shall be equipped wich a replaceable 
Stirrin& paddle made of metal, plastic, or hard 
rubber, as shown in Fia. I. The shan shall be or 
such lenath that the stirrina paddle will operate 
notlns than v. in. (19.0 mm) nor more chan l'h 
in. (38.1 mm) above I he bottom orthe dispersion 
cup. A special dis1>ersiun cup conformin& "' 
either or the desians shown in FiJ. 2 shall he 
provided to hold the s:ample while it is hclna 
dispersed. 

3.2.2 Apparatus 8 1hall consist or an air-jet 
dispersion cup' (Note )) conformina to the aen· 
cral dccDils shown In Fia. l (Notes 4 and S). 

Nora l-The amount or air required by an air-jet 
dispcnion cup;, of the Older ol2 n'/min; some llftall 
air comprcuon are not capable or supplyinaaunicienc 
air to opentc 1 cvp. 

Non 4-Anothcr air-type diapcnion · dcYic-c 
known •• a diapcnion cube, developed by C'llu and 
Davidson 11 Iowa Slate Colltae. hu bc:cn show• co live 

1 Tlllt mctlloclla ulldcf lhc jurildlnioll ol ASTio4 C-llllnft 
0.11 •• Soil alld Aod alld b 111& llinct rtiiiOIIIillililr ol 
Su~miucc DII.OJ H Tcatur-c, PlutlciiJ, alld Oc•aitr OW. 
-""In ol Solb. 

Cum111 edilio. ·~ Nov. 21, IMJ. Ofltl..., ,..._ 
lithc.J IUS. AtplKn 0 4U- U. I"""""' ,..,. tl AST/.1 SIMJ..O, VII 04.01. 

1 A1111wl ,,_. rf ASTM Sllllflilltll, VII I ..OJ. 
1 A11nllill 1ooi r{ ASTM Sl .... t/1, VII 14.01. 
1 0c1Jilcd -'f111 Mwlll .. lot IIIIJ rv, 1ft aYaiiiW. II I 

110,..11111 toll fr- the ANrina Socit1r lot Tllll"' alld lo4a-
1Cibll, 1916 lace St., Pllilacklpflia, ,A JtiO). Onkr Adjdn 
No. 11_.04UO.Q), 
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dromelcr I 52H il is lhe dirTcrencc belwcen lhe 
readina and zero. Brina the liquid and the hY· 
dromclcr 10 lhe other tcmperalure to be used, 
01nd secure lhe composile correction as before. 

II. I lrarnscnplc Moisture 

II. I When the sample is weir.hcd for the hy· 
,lrnmc:tcr IC:SI, wc:i&h OUI an auxiliary portion o( 
rmm I 0 to IS 1 in a sm11ll metal or alass con· 
1ainc:r. dry the sample to a constanl mass in an 
n\'cn :u 2JO :t 9'F (II 0 :t s•q, and weiah aaain. 
Record the masses. 

II. Olspcrsinn of Soli Sample 

1).1 When the soil is mos1ly ofthe clay and silt 
~i1CS. weigh OUI I sample of air-dry SOil Of lp­
prO\imateJy SO a. When lhe soil is mostly sand 
the s:~mple should be approllmatc:ly 100 a. 

9.2 Place the Jample in the 2SO·mL beaker 
nnd cover with 12S ml or sodium henmeta· 
phusphate solution (<40 all). Stir untillhe soil is 
thurnughly "'Cited. Allow 10 soa~ (or at lust 16 
h. 

9.J At the end of the soaldna period, disperse 
I he s:~mple further, usina ei1her stirrinaapparatus 
A or D. I( stirrin& apparalus A is used, lrt~s(er 
the soil· water slurry from the beaker Into the 
special dispersion cup shown in Fi&. 2, washina 
an)' residue from the: beaker into the cup with 
distilled or demineralized water (Note 9). Add 
dislillcd or demineralized water, lr necessary, so 
111,11 the cup is more than half full. Stir ror I 
period of I min. 

Nnn 9-A larae size syri11se Is • convenient dcvk:c 
fur handlinathc walcr in the washina operalion. Other 
llc•iccs include 1he wuh·walcr boule 1nd a hose with 
noulc conncclcd to a pressurized dislillcd water tank. 

9.4 If stirrina apparalus B (Fi&. 3) Is used, 
r,·move lhc cover cap and connect lhe cup 10 1 
compressed air supply by means ora rubber h~se. 
1\ air caac: musl be on the: line: belween the cup 
ant.J the conlrol valve. Open the control valve so 
that the &:t&c indic:ales I psi (7 kPa) pressure 
lNnlc 10). Transfer the soil· waler slurry from 
the beaker 10 the air-jet dispersion cup by wash· 
in& with dislillcd or demineralized water. Add 
tli~lillcd or demineralized walcr, if necessary, so 
th:ll the tolal volume in the cup is 2SO ml, but 
nn more. 

NuTF. I 0-The lnilialalr prcuurc of I p~i Is required 
'" prevent the aoil· walcr misture from cntcrina the 
air·jcl ch1m~r when lhc n1fa1ure Is transferred lo the 
.ti,pcnion cup. 

9.5 Place the cover cap on the cup and 01111 
the air control valve until the pac pressure Ia I 
psi ( 1<40 kPa). Disperse I he soil accordinato Ill 
followina schedule: · 

• DISj)Cnlon PctW, . 
PlulfriiJ lndca mia '· 

UIMicr S S ;j 
'10 lO tO • ' 
Over 20 IJ n 

•)j 
Soils conlainln& larae perceniiiCS or mlcaiiCIII 
be dispersed for only I min. AOer the dispenicii 
period, reduce the aa&e pressure to I psi pn~ 
a lory IO transfer or soil· Wiler slurry 10 the, 
imcntalion cylinder. :,·,; 

'.4' 

' 
, '' IM Aner each readinJ, take the tempera lure 
:·otlhc suspension by insertinathe thennomeler 
:lalo lhe suspension. · ··,. 
11. Sine Analysis 

,1': I 1.1 Aner lakina I he final hydromeler read. 
~L lransfer the suspension loa No. 200 (7 S·JA m) 
icvc and wash wilh tap waler unlil 1he wash 

."'ter Is clear. Transfer lhe material on lhe No. 

.~sieve loa suitable con1aincr, dry in an oven 
11 2JO :t 9'F (110 :t S'C) and make a sieve 
'~nalysis of the portion relained, usina u many 
!.Jicvcs as desired, or required for the malerial, or 
,,pon I he specificalion o( the malerial under 1cs1. ,. 

10. llydromclcr Tul :"\ ••. CALCUlATIONS AND REPORT 

tO. I Jmmedia1ely anerdispenion,transfc~~ ·t·· · 
~"n. Sine Analysis Values lor lhe Porllon soil• Wiler slurry IO the Jlass sedimentalioa ~ f 

lndcr, and add dislilled or demineralized waki : . Coarser I han I he No. 10 (2.00-mm) Sine 
unlilthe total volume is 1000 ml. · t" 12.1 Calculate the percentaae passina the No. 

10.2 Usinathe palm oflhe hand over the~ :IOsieve by dividinalhe mass passin& the No. 10 
end or the cylinder (or a rubber stopper In 1k ;icvc by the mass of soil ori&inally splil on the 
open end), turn the cylinder upside down HI '.~ 10 sieve, and mulliplyin&lhe result by 100. 
back" lor a period of 1 min co complcle llli Jo' obtain the mass passlna lhe No. 10 sieve, 
aaitatlon orthe slurry (Nolc II). Allhccnchll ~blract lhe mass retained on the No. 10 sieve 
min set Che cylinder In a convenienc location i1if ,tom lhe oriainal mass. 
take hydrometer readinas at the followinalntcr: • 12.2 To secure the total mus o( soil passina 
vali of lime (measured from the bealnnlnJ ~ '.~No. 4 (4.n·mm) sieve, add to the mus or 
sedimenlllion), or as many as may be necde( .~ malerial passina the No. 10 sieve lhe mus or 
dependin& on the sample or :he apecilicatioa" ~.fraclion passina the No. 4 sieve and re1ained 
the material under tesl: 2, 5, 15, 30, 60, 250, ~ ~ lhe No. I 0 sieve. To secure I he tolal mass or 
1<4<40 min. If lhe controlled wa1er bath Is uM( .IOil passlnalhe ~in. (9.S-mm) sieve, add to the 
the sedimentation cylinder· should be p!accd li IDlll mass or soil passina the No. 4 sieve, the 
the bath between the 2· and S·mln readinp. ·:1 ~IWS o( the rraclion passina the ¥.-ln. sieve and 

Non II-The number oltuma duriq this ml~ ~ned on the No. 4 sieve. for t~e remain ina 
ahould be approalmatdy 60, coundq the tui'll ulli' iiCVCS. conlinue the calculataons an the same 
down and blck 11 1wo turns. Anyloil rcmalnlql11 tk aanner. · 
bouomoflhecyl!nclcrdurina~hefintfcwt~rasahoeW j .12.1 To determine the total perccntaae pass· 
be loolc~ by YIIOf0\!1 ahlkana of the cylinder wllil :iaa for each sieve, divide: the total mus passin& 
It lsln the anvcncd posadon. ! (ICC 12.2) by the lotJI mass or sample and mul-

10.) When it is desired 10 lake a bydrom~ ~Y the rcsul& by 100. 
readina. carefully insert lhe hydrometer aboui lt 
to 25 s before the readina is due to approximaldj }l H71roscoplc Moisture Correction Factor 
lhe depth h will have when the readlna Is llkn 13. I The hydroscoplc moisture corrcclion rae· 
As soon as the readlna is taken, carefully remoW 10t Is the ratio between I he mass or 1he oven· 
the hydrometer and place it with a spinni, net sample and the air-dry mass before dryina. 
motion In aaraduate or clean distilled or dem• ~Is a number less than one, except when 1here 
eralized walcr. . ': ~110 hyaroscopic moislure. 

NOTI 12-h lslmponantto remove the hJ'fiOIIICIII ·1, p 1 S Ill s 1 
immc:dillcly ancr uch rcadina. Rcadinp ahall be Lila .. crcenla&et o o n us pens on 
al lh' top or the meniscus (ormed by the svspcnslol ,.·1<4.1 Calculate the oven-dry mass or soil used 
arou.:.d ·'"' lltm, alrltt It Ia not pos~lble to Mn~ II the hydromeler analysis by n\ulliplylna the 
rcadH'IIJ II the bollotn o( lhe tnenisCUL ·•· • .. b h h · ' 

ar~ry mass y I e yeroscop1c moasturc correc-

lion factor. 
14.2 Calculate the mus ora total sample rep­

resented by the mass or soil used in the hydrom· 
eser test, by dividinathe oven-dry mass used by 
the percentaae passin& 1he No. 10 (2.00-mm) 
sieve, and mulliplyina the result by 100. This 
value Is the wei&hl W in the equation (or per· 
cen111e remaininaln suspension. 

14.) The percentaac of soil remainina in su'" 
pension at the level 11 which the hydrometer is 
musurina the density or I he suspen~on may be 
calculalcd as follows (No1e I 3): For hydrometer 
ISIH: 

f • (( 100 CY:YJ/ W) x G/(G - G,))(~ - G,) 

Non I J-The brackrled ponion or the oqultion 
(or hydromcler I J !If is conJIInl (or a series o( rudlnas 
and may be c.alculated lint and lhen mulliplied by the 
ponion In the J)lrcnlhaes. 

For hydromeler 152H: 
f • (RII/W} X 100 

where: 
11 • correction faction 10 be applied to the read· 

in& of hydrometer I S2H. (Values shown on 
the scale arc com puled usina a specific arav· 
ity or 2.6S. Correction (acton arc &iYCn in 
Table 1), 

P • percen1aae or soil remainina in suspension 
11 the level 11 which the hydrometer mu­
surcs the density of the suspension, 

R • hydromeler read in& wilh composilc corrcc· 
lion applied (Scetion 7), . · 

W • oven-dry mass or soil in a 10111 test sample 
reprcscnied by mass of soil dispencd (sec 
1<4.2), J, 

G • specific araviiy of I he soil panicles, and 
G, • specific aravity of ihe liquid in which soil 

particles arc suspended. Usc numerical 
value or one In bolh inslanccs in lhe tqUI• 

tion. In the lirsl inslancc any possible vafi. 
ation produces no sianiracanl errect. and in 
the second Instance, the composite correc­
tion for R is based on a value or one for G,. 

15. Dlamcler or Soli rarlldu 
I S.l The diameter or a ptrtich: corrcspondina 

10 the pti'CCniiJe }ndicaled by I &fvcn hydtOmc• 
1er re11dina shall be calculaled 1ecordina to 
Stokes' law (Note 1<4), on &he hiasisthal a panicle 
or this diameter was ac the surface of she suspcn· 
sion II tho bealnnina or k.-ditn"nlaliOn and had 
sc:uled 10 the level Dl which the hydro•nctcr Ia 
mcuurinK I he .Jcnsi1y o(the sust'k:nsi.m. Arc11nl· 



:·uft:·,·· •. 

in1 ro Srokes' l:~w: 

··nit'" . . ,.. 

n • .A"pol'-,.:;;/9;e:IO(:vG::r--~a;-:,)rj x~l/=r 

where: 
IJ • tli:~mc:ler of particle, mm, 
1/ • coc:f~kien! or viscosity or lhc suspendlna 

m.cd1um (1n thi.s CllSC water) in poises (varies 
Wllh chan&C:S In lempeniiUrC O( the SUS• 
pending medium), 

f. • dist;ancc from the surface or the suspension 
tO lhc level II which the density of the 
s~spcnsion is bcin& mcllsured, em. (For a 
~·"en h>·cJrometer and sedimentation c:yl· 
mdcr, values vuy accordina to the hydrom· 
~·h:r readings. This distance is known as 
~11'cctivc depth {Table 2)), 

,. - lnlcrval or time from beglnninaofsedimen· 
tatio_n to &he t:~kina of the rcadina, min, 

• SI'II:CtfiC: aravity or soil panicles, and 
;, • ~lli:Cific aravity (relative density) or SUI­

pending medium (v1luc may be used u 
1.000 ror nil practical purposes). 

Noll' •~-:-Since Slokes'law considtl"'the terminal 
do .. :.")·nra ~~nale sphere fallinaln an inOnh:yo(liquid 
hC )IICS Calculated repteJCnl the diameter Of tphe~ 
~at woluld fall at the: same rate as the soil panicles. 

I ~-2 For convc:nic:ncc in calculations rhe 
1'111\'C equation may be written IS rollows: 

D • K.[[J'f 

. ho:rl!: 
: • C'On~t:lnl dcpendin& on the temperllture of 

the su.spens~on and &he specific aravily or 
the: SOli panrclcs. Values or K ror I range or 
~~:mpcr:~lures :and specific: grl\'ilies are aiven 
tn T:ablc: .3. The ''alue or K docs nor ch•nae 
fur a scnes or readings constitutinaa test 
while values of Land T do vary. ' 

~ ~ .. 1 Values of D may be computed with sur. 
no:nt acC'uracy, usinaan ordinary JO-in. slide 
tl.:. 

N•11•· U-Thc \"aluc of Lit divided by Tuslnathc 
· ~n..r //-~airs, the square root bclna indicalc:d on the 
..... ·air. W.11hout a~r:tainina !he value of the square 
••• II rna~ llC ntuluphed by II, usina either the C· or 
,.,..·Jlc:. 

i. Sine t\nalysls \'a.lues for Porllon Finer lhan 
Nn. I 0 (l.OO·mm) Sle1·c 

. l_h.l ~OIIculation of pc:rcc:ntagcs passing the 
lrhlll~ ~IC:\'CS used In sievin& the ponion or the 
mpl~ I rom the hydromeler test involves several 
:p~. fhc lint Slc:p is to calcula1c the mass o(rhe 

.. .,._ -~-··&:-·-.-------------.. 
. ,rn,. "--~-• _ r :1 ~111 D 422 -,:.~, ,, . :. ··;-.. 

~{ 
~ 

frac:tior, lhat would have been retained 01., 
No. I 0 sieve had It not been removed. Thb aul 
Is equ•l. to the total percentaae retained oali( 
t-!o. 10 ::aeve(IOO minus total percentaae pass!~ 
trmes the mass or the total sample reprcica'til 
by the mass or soil used (u calculated In 1q 

,:i \ . . • .. 

.. HoT1 16-Thb labula&lon or .... ~ represcn&s '"' . 
flda&loft or lhc umplc tested. If panicles l•raer th111 
b coa11lncd Ia the umplc were removed bcfM 

, and lhe resuiC divided by 100. . ·.~II, 
16.2 Calculate nut the total mass passini~ 

No. 200 sieve. Add toaether the frac:tlonalm~~~~ 
~talned on all the sieves, lncludlnathe No.:~ 
steve, and subtract this sum from the mw otJ.C 
tolal sample (as calculated In 14.2). · •· ·J/1 

16.3 Calculate ~ut che total masses pasi~ 
e:~ch or the oth • Steves, In a manner slmilu 11 
th11t alven in I ~.2. . ~ 

16.4 c;:'•lc~late last the lolal percentaacs ~ 
Ina by dtvldanalhe Iota I mass passina (u tab 
lated in 16.3) by the 1o1al mass or sample (• 
_calculated in 14.2), and mulllply lhe resuh 11r 
,100, I • .,:1 

lhc report lh1ll10 llatc aJY!nathc amount 111d 
~umliu. 

:~11.2 For materials tested for compliance whh 
«&nile specifications. the frac1ions called for In 
iudl spcc:llications shall be reported. The (rae· 
~smaller I han lhe No. 10 sieve shall be read 
hen the &raph. 
: 11.3 For matcri1ls for which compliance with 

.«fanhe spccificallons Is not Indica led and when 
.~soil Is composed almost entirely or panicles 
Jwlnathe No. 4 (4.75-mm) sieve, the results 
lad from thc·araph may be reponed as follows: 

; 

II) Oravd, passlna J-ln. and retained on 
1 No. 4 &ie vt 
II) Saftd, pwinJ No. 4 sieve and 1'1• 
l' lllned on No. 200 tlevc 

" 
" 
" 

17. Gra,h ., 
. :\ ·~ 

17.1 When lhe hydrometer analysis Is~ 
rormed,aaraph of the 1es1 results shall be m~ 
~Iotti?& 'he diamelers of I he particles on aJop. 
nthmtc s.:ale as the abscissa and lhe pertentapi 
s~aller than the c:orrespondlna diameters to u 
anthmetle scale as the ordinate. When che ·~ 
drometer analysis Is not made on a portioa ct ,i 

t···· C•> C01nc und, paulna No. 4 aleve 
1nd retained on No. 10 sieve 

(6) Medium und, paulna No. 10 
sieve and re11lned on No. 40 
sieve " 

t~e soil, .the preparation of the ll'liPh Is optlonJ. 
s•nc:e vatues may be secured directly from tat. 
latcd dal!:. · : 

18. Reporl 
18.1 The report shall include rhe followlna: · 
18.1.1 Maximum size or panicles, i 

18.1:2 Pe~ntaae passina (or retained 01) · 
each saevt, which may be tabula&ed or prescn~ 
by plonlna on a &raph (Note 16), • 

18. I .l Description or sand and aravcl pa,. 
cles: · • 

11.1.3.1 Shape-rounded or anaular, • 
18.1.3.2 Hardness-h:.rd and durable, son,ar 

weathered and friable, 
·18.1.4 Specific aravhy, if unusually hiah ar 

low, 
I~· U Any difficulty In dispersin& thcfrac:tiot 

passtn& lhe No. 10 (2.00-mm) sieve lndic:atilll 
any change in lype and amount or dispeni"' 
aaent, 1nd 
: 18.1.6 !he dispersion device used and tht 
lc:na&h or the dispersion period. 

(t) Fine und, pwina No. 40 sieve 
, and retained on No. 200 steve 
U) Sill size, 0.074 to O.OOS mm 

..... " " 

(I) C1ar sire, r.mallcr than O.OOS mm " 
Colloids, smaller than 0.00 1 mm " 

18.4 For ~aterials fnr which compliance with 
delinhe spcctfications is not indic;atcd and when 
the soli contains material retained on the No. 4 
slcv~ sufficient to require 1 sieve anal)'liS on thai 
ponaon, the results may he reponed as folluws 
(Note 17): 

Sieve Slu 
l-In. 

. 2-in. 
IYt·ln. 
l·ln. 
It' .. in. 
lt'e·in. 
No.4 (4.7S-mm) 
No. 10 (l.OO.mm) 
No. 40 (·US11m) 
No. 200 (7 .S.,. m) 

SIIVI ANAI.\'11$ 

tiYDIOWITII ANALYSIS 

PcrecnlaiC 
t•auina 

0.074 mm 
O.OOS mm · · · · · · · · · · 
0.001 mm · · · · · · · ·" .......... 
• Non 17-No. I (2.36-mm) and No. SO (JOO.tam) 

Steves mar be substhulecl rot No. 10 and No. 4U sieves. 
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.~trllrnr. Rc:durrion or moisture conrenl may be 
arrnmplished :~s follows: by ellposurc to air at 
••rclinary room temperature, by healina in an 
un-n 11 a temperature not e•ceedina 230"F 
IIIO'C). hy ooilina. by lllterina on a Buchner 
funn~l. nr h)' II~ or liher candles. Durina evap­
umti•ln :anti coolin&. stir the ~mplc onen cnouah 
ru rwvcnt o,·crdryina of the frinaes and soil 

·, 

--:__.. . . ........... -.- ' ......-: . - __ _. --·---·. -~------~··-···-' 
. u :t~17 . ~-

. I ~ ( l . 
pinnacles on the surra~oolthe heated~~~ 
to normal room temperature before tc:stina. It 

·soil ~mples containina soluble salu, 1111 

method or water reduction that will not eli mite 
the soluble salts from the lc.st sample. Protca• 
prepared sample in a suitable containu · 
funher dryin& until all required tests hue 
pcrfor:-ned. ' I' 

I' 

Dealgna\lon: D 2325(. J (Reapproved 1U 1)'1 

Standard Test Method for 

CAPILLARY·MOISTURE RELATIONSHIPS FOR COARSE· 

AND MEDIUM· TEXTURED SOILS BY POROUS·PLATE 
APPARATUS 1 

·1.1 This tesl method coven the determination 
~·capillary-moisture relationships for coane· 
ind mcdium·IClllurcd soils as Indicated by the 
joil:molscure tension relations for tensions be· 

fraun 10 and 101 lcPa (0.1 and I atm). Under 
equilibrium condilions, moisture tension is de· 
&ned as I he equivalent negative aaae pressure, or 
rucllon, correspondinato a soil moisture content. 
'nis 1es1 method delermines the equilibrium 
IIOisturc content retained in a soil subjccced to 
a pvcn soil-water tension. This test method is 
. 101 suitable ror very line-textured soils. 

Nora 1-For dctcrmln•tlon of capill•ry·molsturc 
· ~rbdonshlps ror 1\nc.ruturcd soils, rerer to Test 
')lcthod DlUl. 

•'i Applicable Documents 

··j 2.1 ASTM Standards: 
· 0 42 I Practice for Dry Preparation of Soil 
'•. Samples for Particle-Site Analysis and De· 

termination of Soil Constants2 

.~· 0698 Test Methods for Moisture-Density Re· 
lations of Soils and Soii-Agrcpte Mixtures 
Usina 5.5-lb (2.49-lcg) Rammer and 12-in. 

t (305-mm) Drop2 

covered by a rubber membrane, or otherwise 
sealed to be ainiaht. The bottom or each plate is 
maintained at atmospheric pressure by means of 
a small drain tube or openina throu&h llle sid~ 
of the pressure chamber. A desired air prcs.sure 
admitted to the pressure chamber, and conse· 
quently to the top or the porous pllle, C:reatc.s I 

pressure drop across the porous plate. The ~tu· 
rated soil samples on the plates establish equilib­
rium with the water in the plate. The water, held 
111 tension less than the pressure drop across the 
porous plate, will then move ou1 of the soil, 
throuah the plate,1nd outthrou&h the drain tube • 
When water has ceased to now from the sample 
and porous plate, (indicatina equilibrium for that 
panicular tension), the muisturc content or each 
s:ample is determined. A series of these 1esu 11 
various tensions is required 10 prepare 1 complete 
curve of the capillary-moisture relationship for 
any panicular soil. 

4. Apparatus 

4.1 An assembly of the app:snuus is shown in 
Fia. I. 

4.1.1 PotOIIS Plott Apporallt:s. consistina or 
the followina: 

:: 03152 Test Method ror Capillary Moisture 
" .f Relationships for Fine-Teatured Soils by 

· Pressure-Membrane Apparatus2 

4.1.1.1 Pr~smrr Cuntainrr. (such as 1 pressure 
cooker), of lpprollimately I '·L ( 16.qt) capacity. 

,I J. ., 

~: 

~J. Summary of Method 

: l.l Saturated soil s:amples arc placed In con· 
11c1 with a saturated porou' ·e Installed within 
eprcssure chamber. The bo .•• nor each plate is 

I Tllil lnl II'CIIIod h uadcr Ill& jlllhdklloa ol ASTiot c-· 
"'incc O.tl '"' Soil ,.., lto.:k ,.., ilth& di•ect 11111011lillililr o1 
$01bconlmlnrc 011.04 oa llrdtOiolk r•ocwnice o1 Seih ,.., 
ltoch. 

Ctmtlll llllrle11 lfiiWOocd ScJII. IJ, ''"· Orial ... r......., 
u 0 UU ·64 T.l.a .. PICOioooiNiliM O)JU • .. T. 

1 ··~~NOIIo• ... l{ ASTAI Stt~INI.ItJI, Vol 04.01. 



4. ,\ppllni/US 

.J.I /JnlfiiiC'I', sensitive 10 0. I g. 
·L~ .1/t~rf(lr mul Rubhc•r·Cut'Nrd PrstiC', suila· 

hk liu brcaling up the aureaarions of soil par. 
1id~·s. 

·U Sit1·r.r. No. 10 (2.00-mm) and No. 40 
~~ ~ ~-11111), of square: mesh woven-wire dolh, con· 
liarmin~ In Spccilicalion E I I. 

4.-1 Samp/('f-A riffie s.:~mplcr or sample split· 
In li~r qu~ncrin& the s:~mplcs. 

~ 5 /)r_rinK ..lppnmtu.r-Thermostatically 
,.,,llrolk\.1 \.lr)·ing oven for use :at 140'F (60'C) or 
!>dow and a1 2JO'F (IIO'C), infrared l:amps; air 
dri,·r: or other suit :able device for dryin& s:~mples. 

~.la Filtt•r 1-'wmr/s '" Candh•s-BOchner fun· 
u,·l\ Ill in. (2H mm) in di:amcler and lilrerp;per 
"' Iiiier l'andlcs. 

~. 7 .1/i.rn·lltmt•mt.r l~ttllipmrnt-P:ans 12 in. 
t.W-1.1< nun) in diameter and J in. (76.2 mm) in 
•kpth: :a sui1:~hle con1:1incr th;t will prevent loss 
.. 1.n11•i~wrc \luring storage of the moist test s..m· 
pk prcJl;~rcd in f'roccdure B. 

I'ROC~:OURf: ,\ 

\. Sa111pling 

· 5.1 Dry the soil s.:~mple as received from the 
irld. using one of the followin& methods: (/) in 
ur '" room temperature,(}) In I dryin& oven II 
• h!lll!le!rature nol elcecdingi40'F (60'C), or (J) 
1'ing :1ny warming device thll will nol raise the 
~·n•r~:r:uure of the s.:~mple above 140'F. Break 
'Jllhoroughly :1ny aggregations of panicles using 
h,· mnnnr :1nd rubber-covered pcslle or olher 
ui1ahlc dc\'ice (Note I). Select a representative 
•••rrion hy the method of quanerina or by use of 
hi.' ~;~mrlcr. This ponion must be sufficient to 
•roll iJ~: s:~mplcs ror p:~nicle-size an• lyses or rna· 
:1i;1l rclainl'J ''"and p:1ssing the No. 10 (2.00· 

I 11111 ~i~·\·c. :~nd In provide an adcqu:lle amoun1 
f utall'ri:~l p:~ssing 1he No. >40 (o42S·J.lm) sieve for 
·~· IC5IS to determine soil constants. The 
mounts of m:a1eri:1l required 10 perform the 
Hli• iclu~ltrsts :~re as follows: 
.,,;,·l(.s,,r Al~alrli• nf M11rrielltr1aincd 

'"' :'>ln. 10 (2.00-nlm) Sir•oc: 
( ,,.;.,t•llr IUill. I 
'"kl) ... ll.. 
\oil) ,., d•>~r ~o>il._ 1 
"'"~·.~itt An•l>~• nf M1ttrl1l r1ulna 

:oo.., HllltJO.nom) Soc~: 
'·"'·h , ... h .• 
''''' or d.l)f)' t.llth, 1 

4 000 10 10 000 
1 sao 

400 

II S 
6S 

l:IJ~-.~-- ~ ·.II ..• ·-. ~- -ill ~--~~~~ 
(,_ ) 4®f D 2217 . 

02217 - 'J-
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Tnu rot fJrtrrmll1111oft ot Soli C01111an11: ........... 111 rempera 1 ure no~ uceedi ng I.CO'F ( 60'C), Liquid 1;·"11• a ~trli,ad the dried soil in the monar with the rub-l'llslic limll. 1 
· Ccnlrlfusr 11\0111u11 cquiYaltnl. 1 ·nouw.('Qirtrt.:a peslle or other sui1able device, and Sllrinbar ranon. a 'i~'.tfllll""''"' with similar material ob1aincd in 6.1.1. • Ol«k tr>la. a 1J Alternatively, afler all the soaked mate· Noll! 1-Whcn thu:amplecontalns been washed, remove most or the water sh:alc: or s:andstonc: or similar weak the WISh water on one or more Bilch· musr he caertiscd to nold eaetssivc runnels fined with Iiller paper or by usina alzc of the panicles. 

candles. Remove the moist soil from the 6. Prcpuadon of Test Samples paper or filter candles, combine with 1ny 6.1 p11, Partldr·Sizt' Analysis: rem1inina In the pan, and dry 11 1 6.1. 1 Weigh rhe ponion of the lest Il~lflltper'lture not e~tceedin& I.CO'F (60'C). Grind selected for panicle-size analysis and soil in the monar wirh a rubber-covered the weigh, of test s..mple uncorrected ror or othr.r suitable device and combine wirh scopic mcisture. Separate this materialln·l·o•'ro;•.., .. -:~ ..• material obtained In 6.1.1. ponions sing the No. 10 (2.00-mm) sieve. l-In some lnJtanttS. the wash water will not aside the .·Jrtlon ~ssina for later recombina•:.. ckar In I reasonable len&lh of lime: In this ease - entire volume must be cvaporaled. wilh •ddi:ion•l material washed from the pcrii retained on the No. 10 (2.00-mm) sieve. · ,6.2 For Drtmnlnatlon of Sol/ Co~sla?ll-. 6.1.2 F•ace the m:~terial retained on 1~ In accordance with 6.1, subslltut&nJ a 10 (2.00-mm) sieve in a pan, cover wllh ~O(.C2S·J.Im}sieve forthe No. 10 (2.00.mm) and allow 10 soak until the p:1nicle autret21iDa .. i.ll'1'1:. 
become sen. Afler soak ina. wash the: • Nofl l-In some areas Ills possible that the rlliona N 10 (2 00 ) · · h r 11 • · present in the tap water may uchanac wi1h the 
1 0· · ·mm Steve In 1 c: '0 0"'101 cations In the soil and attcr sianiOcanJiy the ner. Pl:ace in empty No. I 0 (2.00-mm) ~ soil conSJanu should tap water be: used in rhe bon om of 1 clean p:an and pour the and washlna operations. Unless it Is known from the soaked Simple Into the sieve. Add rations arc not present in the tap water, licient Wllltr to brina the level approlimattfr or demineraliztd water should be used. The ln. (12.7 mm) •bove the mesh of the 11·eve.Tna washln& opc:rarlon will rtmoYC soluble ulu . ....,ll' ... blln..dln the soil. When soluble ulls arc pmcnt In fer the soaked material to the sieve In ineremt.. the W.sh water should be: uved and evaporated, not uceedina I lb (0.45 k&), llirrin& each uh• returned 10 the soil umple. men I with the linaers while •aha tina the·~ 

and down. Crumble or mash 1ny lumps~ 
have not slaked, using the rhumb and linaai 
Raise the :icve above the water in the pan Ill 
complete tl:e washina operation usin& 1 snui 
1mount of clean water. Transfer the washtd 
teri:al on the sieve to a dean J)lln before 
another increment of so:aked material on 
sieve. 

6. I .3 Dry I he material retained on the No. 
(2.00-mm) 'ieve at 1 rem perature of 2JO :t 
(I I 0 :t S"C'), sieve on the No. 10 (2.00-mm) ~ 
and add the m1terlal passinarhe sieve to alm~'lw 
matcri:1l obtr.lned In 6. I. I. Set aside the maleN 
ret:ained on <he sieve for use In rhe ~nide·u 
analysis. 

6.1.4 Set aside the pan containlna the • 
inas for 1 period of acveral hours or unrll de 
wa1er above :he panicles is clear. Dec1n1, pipet. 
or siphon orr as much of the clear water 1 
possib!c (No ~ 2). _Dry lhe soil rcm:~inin& in l}c 

Test Simples 
7.1 Keepina each ponion seP.rate from the 

• milt thorou&hly the ponions or the 
passinarhe No. 10 (2.00-mm) sieve 

the No • .CO (.C251'm) sieve. By the method 
l'quanerina or by the. use or the sampler, ~l~t 
pd wei&h out test samples or the weiahta tndt· 
nrcd In Section -'· as may be: needed ro make 
fit required tests. 

PROCt:DURt: D 

·1. S1mples 
• 1.1 Samples prepared in accord:ance with rhis 
pnl(tdure must be: shipped from the field ro rhe 
bboratory In acaled containers and must contain 
11 their natural moisture. Samples obviously 
containlna only p1nicles p:usin& the No. 10 
(1.00-mm) sieve may be tested in the panicle· 

size an11lysis wlthoutlirst washina on the No. 10 
(2.00-mm) sieve. Samples obviously containina 
bnly Jl:lnicles passinathe No . .CO (.ClS-JJm) sieve 
;nay be used in the tests to determine soil con· 
slants withoul first washina on the No . .CO (425· 
pm) sieve. 

9. Prrparatlon orTur Samples 
9:1 FcJr Partldr.Siu Analysis: 
9.1.1 Select and welah a repreienrative por· 

tion of the moisaumple estimated 10 contain SO 
& or panicles passinathe No. 10 (2.00.mm) sieve 
for silly and clayey soil, or 100 & for undy soil. 
For samples con11inina panicles not paninathe 
No. 10 (2.00.mm) sieve for which a panicle-size 
an:slysis is f«!uircd, sclc:ct and weiah a represent· 
1tive s:~mple estim11ed to cont:ain the required 
amounts of panicles both passinaand not passina 
rhe No. 10 (2.00.mm) sieve:Derermine the mois· 
lure content at 230 i: 9'F ( 110 ± S'C) usina an 
11uailiary umple, for use in Method 0<422 . 

9. 1.2 Soak the moist s..mple and wash on • 
No. 10 (2.00.mm) sieve as described In 6.1.2. 
Afler washina. dry the marerial retained on the 
No. 10 (2.00.mm) sieve in an oven 11 a remper· 
ature of230 i: 9'F(I 10 i: -''C), weiah, and retain 
for the panicle-size analysis. lfrhe volume of the 
wash water and soil is too lar&e for use in the 
sedimentarlon procedure of the test for panicle· 
size analysis, ev1pora1e excess water by caposurc 
to air 11 room temperature, by heatina in an oven 
at 11cmperature not uceedina 230.F(I IO'C'), or 
by boilina. Reaardless of the method of evlpo­
r:ation used, the followin& precaurions must be 
taken: ( /) stir the slurry from lime 10 time to 
prevent a dry soil tina from formlna on rhe walla 
of the evaporation .vessel, and (1) return the 
rempcrlllure or the s;mple to room temperature 
before testina. 

9.2 filf D~m11inatlnn n/ Snil CnnrtantJ-Se· 
leer a representative ponion of the moiSI sample 
estim.:llcd 10 contain sufficicnr p:anicles passina 
the No . .CO (<425-Jim) sieve ro n1ake the required 
rests for determination of soil constants. So:~k 
rhis selected ponion of lhe mois1 s..mple and 
wuh on the No • .CO (42S1J 01) sieve as described 
in 6.2 (Note 2). Redurc lhc moisture conrenl of 
the m:aterial Jl:ISSina rhe No. 40 (42S·pm) sieve 
unlil the mass reaches a pull)'·like consiSiency 
(such as 30 ro 3.5 drops of the cup In the liquid 
limit tcsl) but never below the n:atural moisture 
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10. Precision and Aeeurur 

10.1 Requirements (or the precision and ac· 

3' ; 

curacy or this test ~ ;od have not yet bcci:~ .. ~~m Dulgnallon: D 2( r 15 
developed. \.;..,.,.' ·~J 1l, 
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. Standard Practice ror 

WET PnEPARATION OF SOIL SAMPLES FOR PARTICLE· 

SIZE ANALYSIS AND DETERMINATION OF SOIL 

CONSTANTS' 

':~ llllllanllla luucd .,.,., I he llacd. dtsiallllioft 0 u 17: '"' lltllllbtt lnunedl.tltl7 ron-~ .. , '"' •.rallllioft llldinln lhc tear ol 
J.,.aa~..sop o• cw,la lhc tuc oiRYilloll,lhc )Cat ollasl reYiaiool. A ••mbcr I• plltclllhactllldin~t~lhc JCII olla11 tc...,....._ 
/A"ftncrifl( cpailo• (a)lcwlicaln 111 cdilorlal (1\anat llna lhc lul rcwisiOII or rcawo...a. 

~'nl· ,.rlrr'lla l>totfl•flll'rwnl "" IIU ,, •tt'ftrln t{tllr Dqtlrrlfltrl# ti Ddrrut-/or Hllllll Ia tiit IND lllfkx. s~-. 
.~St..W...JJ. 

• 
. I. Stope E II Specilicacion for Wire Ooch Sieves ror 
~·.1.1 This practice covers lhc wei preparation Tcscina Purposes, 
• soil samples as received from lhc field ror 

•'fU1iclc·size analysis and determination or soil J. SlaniOcanet lnd ~St 
·~CIIIIslancs. l.l Procedure A is used co pre~rc soil sam-

r. .i· 1.2 Procedure A provides (or dryin&thc field pies for plasticity tests and p~niclc-size analysis 
·1 ~ •mplc at a temperature not Cllcccdin& 140'F when the coarsc-arained panicles of a sample arc 
{; ·:t'(I'C), makin&a wet sep;~r.Uion on the No. 10 soft and pulverize readily, AS in Practice 0 421, 
~. , (lOO.mm) sieve, or No. 40 (42S·J1m) sieve, or or when the fine panicles arc very cohesive and 
~ '~h.as needed, and finally dryina at a temper· tend lo resist removal from the coarse particles. 
:\1 llllrt nol ueecdin&I40'F. Procedure 0 provides 3.2 Some soils never dry out in nature and 
:J..: ·~I the sample shall be kep\ al a moisture con· may chanae their characteristics &really when 
·P. nl equal co or arcaccr chan the natural water dried. l(che INc natural aradation and plasticily 
· 1 contcnl. The procedure to be used should be eharacteriscles or such soilsarc desired, these soils 

·Waled ln the spc:cificncion ror the material should b'c shipped to the laboratory in sealed 
kin1 tesled. 1r no procedure is specified, the tontainen and processed in accordance with Pro-
;~isions or Procedure 8 shall aovcrn. tcdurc D or this practice. 
~ ·l.l This standard IIIOJ• im'OI••t ha!ardfiiiS ma· ll liquid limit and plascitity indu values 
ltrl•ls. o~ralions, anti coqlllpmtnt. This standard derived rrom samples containina their natural 

~·: •• __,it« purport to addrt'SS all o/tht sq/t'IJ' prob- moisture are usually, bul not always. equal co or 
:·~ 1""' tmoc/att'd with Its liSt'. /tis tht r('sponslbll· hi&hcr than values derived from similar samples 

.;.~ . 'it fl/ ""'ot\'tr liStS tllis standard tn ('On.JIIIt and or I he dried soil. In the case or linc-araincd 
.~r ; ,_.Nish approprlatt sqfrty nnd httJith praakts · • orcanic soil, lherc is a radical drop in plutidly 
~·. •·llllldtttnnlntthtapp/iC"abilitJ•ofrttlllatoryl/ml· due lo oven dryinJ. 

·~~prior to ust. 

J.'Applleablt Documents 
·au ASTM Standards: 
~e 0421 Practice for Dry Preparation of Soil 
•'' Samples for Panidt-Siz.e An~Jysis and ~ 
' ., ICriiWJatJoa of ScXI COMUIIU' 
f0n2 M.a1KJd f<K hnide-Siu AnaiYJ[I of 
. ·Soils' 
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PERMEABILITY OF SOIL 

Scope and Application: This method is applicable to soil sampl~s collected 
as part of the Muskego Sanitary landfill RI/FS. 

Method: Permeability Test with Back Pressure (Flexible Wall permeability)· 

Reference: A pendix VII s~ction 7, Engineer Manual EM 1110-2-1906 (30 
Ngvember 1976), Headquarters, Department of the Army, Office 
of the Chief of Engineers (see Attachment One). 

Precision: The method is applicable to soil having a saturated permeability 
of less than 1 x 10-3 c•/sec. Overall precision is expected to 
be less than SO relative percent difference (RPD). 

Sample ·Handlfng: Samples will be collected fn 3 inch diameter Shelby tubes, 
capped and store at 4 degrees centigrade until analyzed. 

Reagents and Eguip~nt: 

1. O.OOSN CaS04 in dearfed, deionized water (boiled). 

2. Pressure chamber for permeability testing. 

3. Scale capable of weighing to the nearest 0.01 gram. 

4. Sample extruder capable of extruding the soil core from the Shelby 
tube in the same direction of travel that ft entered. 

5 • ....Spe.timen.-trfnaing equipment, which-may·include-so11 lathe, wfr'e -­
saw, spatulas, knives, steel rasp or ·steel straight edge. - ·- - . . . - . 

6. Flexible membrane which shall encase the lateral boundaries of the 
;~ specimen and prevent leakage. 

7. Drying oven (lOs• C). 

Procedure: 

1. Extrude sample from the Shelby tube fn the same direction the sample 
entered rhe tube. · 

2. Select and trim a minimum 6 fnch length of undfstrubed core for use. 
Avoid smearing of the sample ends while trimming samples. 

3. Retain a separate section of core for determination of specific 
gravity (ASTM D854-83, see Attachment Two). 

I-MUSKEGO 
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4. Measure and r~cord the length and diameter of the tri~d specimen 
to the nearest 0.01 inch and the wet weight to t~e nearest 0.11. 

5. Performance of the test shall follow that described under paragraph 
111, page VII-17 of EM 1110-2-1906 (attached). 

6. After permeability testing is completed, determine the dry weight of 
the sample by drying at 105 degree centigrade. 

Results: 

1. Conductivity wfll be calculated using the falling head method (See 
Attachment three). 

2. Results will be presented fn the format shown on Attachment Three. 

~uality Control: 

'®:-· . ••• ·.J. •1 
~-... 

1. Samples analysed for quali~ control purposes will be limited to 
field duplicates. As samples for permeability testing are taken 
from intact cores (fe. not measured on homogenized, repacked 
samples), it fs not possible to obtain what could be considered a 
laboratory duplicate. Results of field duplicates are expected 
to agree within 50 relative percent difference (RPD). 

- ·- - - ... 

KDF/CAW/OLN 
[KAW-7-28] 
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WARZVN 
IUXIl.E WALL 

FALLING HEAD/RISING HEPD 
PERMEABUTV TEST RESULTS 

PROJECT: 

LOCATION: 

TutNo. -----
~No.._ ____ _ 
Dele _____ _ 

Sheet ____ ot_ 

~----'~ • ....._ •~ • ~.o . .-ox .... MAOiaON. w••· ""'• • n~ , .. , a., ..... _____ ,. 

SAMPLE 
DEPTH 
SOIL DESCRIPTION 

INITIAL FINAL INITIAL FINAL INITIAL FINAL 
SA .. LE DIAMETER (ca) 

SAMPLE AREA, A (cal) 

SAMPLE LENGTH, L (CRIJ 
MOISTURE CONTENT, I 
DRY DENSITY (PCF) 
MAXIMUM GRADIENT 
NET CONFirl~) PRESSURE PSI 

COEFFICIENT Of PERMEABILITY, k (c./sec) 
RUN NO. 1 

2 

3 
4. 

5 

6 

7 
8 
9 

10 

AVERAGE k. (em/sec) 

FORMULA: k • 2.3 a L 10910 .bn Where a • cross-sectional area of standpipe, 
2 At li1 t • time for water level to fall fr011 

REMARKS: 

initial height, hQ, to final height, ht 
(~11 other terms are defined above) 
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ATTERBERG LIMITS 

Scope and Application: This method determines the liquid limit, plastic 
lfmft and plasticity index of soil samples from 
Shelby tubes after permeability testing. 

MethOd: Standard Test Method for liquid Li•ft, Plastic limit and Plasticity 
Index of Soils ASTM D-4318 (liquid limit by One-Point Test) with 
minor modifications. 

Sample Handling: Samples wfll remain in Shelby tubes and be shipped daily 
by overnight carrier. 

Reference: Annual Book of ·ASTM Standards, 1987, Soil and Rock; Building 
Stones; G~otextiles, Vol. 04.08, Section 4, Construction. 

Apparatu.s: 

1. Brass cup 
2. Grooving tools 
3. Liquid limit drop device 
4. Soil sieves 
5. Height Gage 
6. Balance 
1. Drying oven & moisture containers 
8. Hard ruhber base · 

Notes: 

1. The liquid and plastic lfmfts of·many soils that have been allowed to 
dry before testing may be considerably different from values obtained 
on undried samples. If the liquid and plastic limits of soils are used 
to correlate or estimate the engineering behavior of sofls fn their 
moist state, samples should not be permitted to dry before testing 
unless data on dried samples are specifically desired. 

2. The composition and concentration of soluble salts in a soil affect the 
values of the liquid and plastic limits, as well as the water. content 
values of the soil (see Method D 2216). Special consideration should 
therefore be given to soils from a marine environment or other sources 
where high soluble salt concentrations may be present. The degree to 
which the salts present fn these soils are diluted or concentrated must 
be given consideration if meaningful results are to be obtained. 

3. Sinc~ the tests described ~erein are performed only on that portion of a 
sofl which passes the 425-um (No. 40) sieve, the relative contribution 
of this portion of the sofl to the properties of the sample as a whole 
must be considered when using these tests to evaluate the properties of 
a so11. 

1-Atterberg 
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Procedure: 

Sample Preparation: One•'f)Ofht Uoufd Limit 

1. Samples for One-point Ltqutd Ltlllit analysis will be prepared 
according to ASTM 04318 procedure, Section 10.1 (wet preparation) 
or 10.2 (dry preparation). 

2. Samples for Plasti~ Limit analysts will be prepared according 
to ASTM 04318 procedure, Section 16.1 • 

Sample Analysts: 

1. The sample will be processed to remove any material retained on a 
425-um (No. 40) sieve. The liquid limit will be determined by 
pe.rform1ng trials in which a portion of the sample 1s spread in a 
brass cup, divided in two by a grooving tool, and then allowed to 
flow together from the blows caused by repeatedly dropping the cup 
fn a standard mechanical device. ASTM 04318, Sections 13 and 14. 
indicate the one-point lfqufd li~ft test can be used when the number 
of blows is between 20 and 30. A mfni1111m of two trials are performed. 
If the number of blows differ by no more than 1 blow, then the mois­
ture content is determined. If the number of blows differs by more 
than 1 blow, then the test is repeated until two consecutive trails 
agree within 1 blow. 

2. The plastic limit will be deten.fned by alternately pressing together 
and rolling into a 3.2 mm (1/8 in.) diameter thread a small portion 
of plastic soil until its water content is reduced to a point at 
which the thread crumbles and is no longer able to be pressed together 
and rerolled. The water content of the soil at this stage fs reported 
as the plastic limit. 

3. The plasticity index is calculated as the difference between the liquid 
limit and the plastic limit.· 

Calculations: 

1. The "K• factor for liguid limit in Table 1 of ASTM 04318 1s applied to 
the moisture content from the liquid limt trials to determine the 
liquid limit value. 

2. Threads of sofl w111 be rolled to the targeted diameter until a total 
specimen weight of 50 grams or more is obtained. The moisture content 
of the specf~n is the plastic lfmft value. 

3. The plasticity index is equal to the liquid limit minus the plastic limit. 

2-A tterberg 
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Qua 11 ty Con tro 1 : 

1. Duplicate 2 out of 10 for sets of less than or equal to 10 samples 
and 1 out of 10 for sets greater than 10. Duplicates should be less 
than or equal to 101 • 

[KAW-7-30] 3-Atterberg 
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~~ Designation: 0 4318-84 

Standard Test Method for 

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF 
SOILS1 

. l'lllltuftdard " itiUC'd un.ln I~ fi•C'd oJnc.uiK)n 0 .. ) II; ~ numllcr illllllldillcly l'ollowi111 llw dftl&llal- 1ad1C- I~ )tat ol 
-..1111 ....,.,._ cw. '" ~ nw ol m 101011. 11w ~rar o/1&11 ~. A ..... ~wr i• punlhnft illdinlft llw 1'0' oiiMt rdPPfU\al. 
~ IUIICftlTIIJI cpuloft I• I ladiCalft aft C\11loHW ~lu"'t IIIIIC'C I~ lut rrwilioftCI' ~. 

!/:"..::::!• .loot• "'"",.,...om~""""' lorut•.,.. ,,.. "' ,,.f>c-ttG,_ of~tlllllp IUI•tW ;, ,,. O.•D lltlk . .- •(s,.. . ..,fi,·t~tHWI.• 

I. Xopt 
1.1 Thistest method covers the determination 

olthe liquid limit. plastic limit. and the plasticity 
inckll of soils as defined in Section 3. 

1.1.1 Two procedures for preparin& test spec­
imens and two procedures for perfonnin& the 
liquid limit ~ provided as follows: 

• .f Multipoint ·lest usin& a wet preparation 
procedure. described in Sections I 0.1. II, 
and 12. 

B Multipoint test usin& a dry preparation 
procedure, described in Sec1ions 10.2, II, 
and 12. 

C One-point test usin&a wet preparation pro­
cedure, described in Sec1ions 13, 14, and 
IS. 

D One-point test usin&a dry preparation pro­
cedure, described in Sec1ions 13, 14, and 
IS. 

The procedure to be used shall be specified by 
tilt Rquestin& authority. If no procedure is spec- ' 
ifiCd. Procedure A shall be used. 

Non 1-Prior to the adoption of this test method, 
a cu,..,cd voovina tool was specified as pan of the 
~~JP~Rius for pcrformina the liquid limit test. The 
C1IMid tool is not considered to be as accurate as the 
Ill 1001 dacribcd ia 6.2 since it docs not control the 
drpch of the soil in the liquid limit t'\lp. However. there 
att .- da&a ~~~~ich indicate thai typically the liquid 
limit IS sh&htly Increased 'lllhen the Rat tool is UJed 
Mad of the t'\1!'\ICd tool. 

1.1} The plastic limit test procedure is de­
ICI'ibcd in Sections 16, 17, and 18. The plastic 
limit test is perfonned on material prepared for 
the liquid limit test. In effect, there are two 
proetdures for preparing test specimens ror the 
plutic limit test. 

1.1.3 The procedure for calculatin& the plas­
ticity index is &iven in Section 19. 

1.2 The liquid limit and plastic limit of soils 
(alon& with the shrinka&e limit) are often coli«· 
tively rtf~md to as the Atterber& limits in rec­
opition of their ronnation by Swedish soil sci­
entist. A. Atterber&. These limits distin&uish the 
boundaries of the several consistency states of 
plastic soils. 

1.3 As used in this test method. soil is any 
natural agreption of mineral or orpnic mate­
rials, mixtures of such materials, or anificial mix­
tures or agreptes and natural mineral and or­
pnic: panicles. 

1.4 The multipoint liquid limit procedure is 
somewhat more time consumin& than the one­
point procedure when both are perfonned by 
upericnced operators. However, the one-point 
procedure requires the operator to jud&e when 
the test specimen is approKimately at its liquid 
limit. In cases where this is not done reliably. the 
multipoint procedure is as fast as the one-point 
procedure and provides additional precision due 
to the infonnation obtained from additional 
trials. It is panicularly recommended that the 
multipoint prot;cdure be used by inexperienced 
operators. 

I.S The com lations on which the calculations 
of the one-point procedure are based may not be 
valid for certain soils. such as orpnic soils or 

1111is tal lllftllod is ulldcr lhc jurildiction o( ASTM Com· 
•inec D-11 011 Soil aad Rock aad is lhc direa mpoMihility ol 
Subcolllminec DII.Ol 011 T~at.m. l'lasticily aad DcMily Ow· 
-"slics of Soils. 

CurftllledilionappnMCIOn. 26. 1914. Pllblishcd Dcccmbn' 
1914. ()riaiuny puNished as D .. ) II -ll. ~ pmriou1 C'dtlion 
0011-ll"'. 
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soils from :a m:mn( environment. The hquid 
limit or ·~ soils should therefore bt deter· 
mined by the multipoint procedure (Procedure 
A). 

1.6 The liquid and plastic limits of many soils 
that have been allowed to dry before testing may 
be considerabl) different from values obtained 
on undried sampl~. If the liquid and plastic 
limits of soils are used to correlate or estimate 
the enJincerin& behavior of soils in their natural 
moist sute. samples should not be permiued to 
dry before tcstin& unless data on dried samples 
are specifiCally desired. 

I. 7 The composition and concentration of 
soluble salts in a soil affect the values of the 
liquid and plastic limits as well as the water 
content values of soils (see Method 02216). 
Special consideration should therefore be given 
to soils from a marine environment or other 
sources where high soluble salt concentrations 
may be present. The degree to which the salts 
present in these soils are diluted or concentrated 
must be given consideration if meaningful results 
are to be obtained. 

1.8 Since the tests described herein are per· 
formed only on that ponion of a soil which passes 
the 42s.,&m (No. 40) sieve, the relative contri· 
bution of this ponion of the soil to the propenics 
of the sample u a whole must be considered 
when using these tests to evaluate the propenies 
of a soil. 

1.9 The values stated in acc~table metric 
units are to be reprded as the standard. The 
values Jiven in parentheses are for information 
only. 

1.10 This standard may involvl' ha:ardous 
mattrials. operations. and tquipmtnl. This. 
SJandard dots not purport to address all of thl' 
saftty problems associattd with its USl'. It is thl' 
rl'sponsibility of whoevtr uses this standard to 
consult and f'Stablish appropriatt sa/tty and 
htalth practius and detmnint tht applicability 
ofrtgulatory limitations prior to ust. 

2. Applicab~ Doauncats 

2.1 A.STA-1 Sttwlards: 
C 102 Methods for Reducina F"aeld Samples of 

Agrepte to Testing Sizel 
0 75 Practice for Samplina Agreptesl 
D 420 Recommended Practice for lnvestipt· 

in& and Sampling Soil and Rock for En&i· 
neerin& Purposes• 

0 6~3 Terms and Symbols Rebtina to SOil 
and Rock• 

0 1241 Sprocification for Materials for Soii­
Aggreg:ate Subbase. Base. and Surfacr 
Cou~-s· 

0 2216 Method for Laboratory Determinatiol 
of W:ater (Moisture) Content of Soil. Rod. 
and Soii-Aagreptc Miltures• 

0 2240 Test Method for Rubber Property­
Durometer Hardness~ 

0 2487 Test Method for Classification ofSoib 
for Engin~rin& Purposes• 

D 2488 Practice for Description and ldentifi. 
cation of Soils (Visual-Manual Proccdurtr 

D 3282 Practi~ for Classification of Soils IIIII 
Soii-Aagrepte Milturcs for Hi&hway COI­
struction Purposes• 

E II Specification for Wire-Cloth Sieves l'or 
Testing Purposes' 

E 319 Methods of Testin& Sin&Jt-Mm BaJ. 
ances' 

E 898 Method of Testing Topoloadina. [)i. 
rect-Re:adin& Laboratory Scales and BaJ. 
ances' 

J. Definitions 

3.1 Alltrbt•rg limits-ori&inally, seven •Jimils 
of consistency• of fine-crained soils were defiaed 
by Albert Auerbcrg.ln current encjnccrinc ~­
the term usu:ally refers only to the liquid limit. 
plastic limit, and in some refe~nces. the shrillk· 
ace limit. 

3.2 consistt>ncJ'-the relative tasc with .wild 
a soil can bt deformed. 

3.3 liquid limit (LLJ-the water content, il 
percent. of a soil at the arbitrarily defined bound­
ary between the liquid and plastic states. llli 
water content is defined u the water contCIIt • 
which a pat of SOil placed in a standard C\IP IJid 
cut by a groove of standard dimensions will no. 
tosether at the base or the aroove for • disw« 
or I 3 mm ('h in.) when subjected 10 2S shocb 
from the cup being dropped 10 mm in a saancllnl 
liquid limit apparatus operated at a rate ti 2 
shocks per second. 

1 A1111wal .,.II/ ASTM Sl~ Vol 0..02. 
1 Att11IMJI .,. II{ ASTM SuaNIMtb, Vols 04.02, OUJ, Ill 

04.01. 
• A1111wal aoolll/ ASTJJ 51~. Vol 04.01. 
1 AIIIIIMJiaoolll{ ASTIJ SIIIIIIWth. Vol 09.0t. 
t A~~~twai/Jno411{ ASTM SIIJIWiiudJ, Voll4.02. 
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Nou 2--thc unJr .. ,n.-.1 ~ .. , "''" 
liquid hmi1 i1 c:.,nwckr • ..: au h: :! ~0 ~ 

3.4 p/u.\111· lmw tl'l ·-lh~· '"a 
percent. of a !!.nil at lhl." ho•un .. .IJ• 
plastic and llnuk \IJil~ I h~· '"; 
this bounda~ ·~ thl· '"atl."r o1nt•·nt 
can no longl."r ho.· tkf, ~rml."d ll~ r. 
mm ('/a in.) 10 d1ar:1,·1.:r thrl."ad> 
bling. 

3.5 p/UMII" .\o1l-a !><Ill .,.,-ha~h I 
water content Oli\'r "Ah1.:h 11 \''h 
and which "A·ill n:tam 11~ ~Pl' on 

).6 plosunt_r mdn 'P/1-thl." • 
content O\·tr "hi,·h a 5011 ho.'ha• 
NumeriC':III~·. it is thl· d•ffl·renn· h. 
uid limit and the plasti\· hmll. 

3.7 ltqmJur uul,·\-tlk· ratao.l., 
perccn\:lgc. of ( /) the natural '"·atl 
soil minus it~ plasti.- hmit. "' t.:' 
index. 

3.8 acti•·ity mmrhc•r U1-th1." r; 

plasticity indcl of a so1l to 1-'1 11 
weight of panicks h;ning an \~UI\"; 
smaller than 0.002 mm. 

4. Summar) of Method ~ 

4.1 The sample is proccsscd to 
material ~rained on a 4::!:\-pm (!' 

The liquid limil is dctl"rminL'\l h 
trials in which a portion of the: s.an 
in a brass cup. divided in two by a 1 
and then allowed to no .... · lt'£l"ti" 
shocks caused "Y rc~.atcdly dmppt 
a standard m~Xhanic-.al d.:vil"C. Th 
liquid limit. Proo:dun:s A aft\! 8. 1 

or more trials over a ranac of wale 
be performed and the data from the 
or calculated to maL.e a ~lationsh•r 
the liquid limit is determined. Tl 
liquid limit, Procedures {' and D. ' 
from two trials at one w:ater contc:t 
by a comction factor to dc:tcrmir 
limiL 

4.2 The plastic limit is rmit 
utely prcssins together al'llrtollin 
mm ('h in.) diameter thread a sma 
plastic soil until its water rontenr ts 
point at which the thread crumbl• 
longer able to be pressed toacthcr ; 
The water content of the soil at 
reponed as the plastic limit. 
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"Ill ~-The ur.dr•mnl sh .. -:~r ~n'nJtth of soil at tho.· 
~uod hmot os conwckrnllo h.: :? :tO.~ I.Pa (0.211 ..Wl 

l4 plu.1t1c limit (PL)-the w:ater content, in 
pm-ent. of a soil at the boundary hctwccn the 
pbstic and brinle states. The water content at 
ttl" boundary is the 11rater content at which a soil 
can no longer be deformed by rolling into 3.2 
mm ( 'I• tn. I in diameter thrc:~ds ~~o·nhout crum­
bltni!. 

3.5 p/•N•c lllil-a soil which has a ranae of 
•-ater content over which it exhibits. plasticity 
and v.h1ch will rttain its shape on dryin&-

16 p/asttciiJ' ind"x (PI)-the range of water 
axnent over which a soil behaves plastically. 
Numerially, it is the differt~ between the liq­
lid limit and the plastic limit. 

3. 7 llquulur incJ"x-thc ratio. expressed as a 
perttntagc. or (I) the natural~~o'3ter content of a 
!Oil minus its plastic limit. to (1) its plasticity 
index. 

3.8 acri,·it)' numMr {A)-the ratio of (I) the 
plaslicity index of a soil to (1) the percent by 
•right or panicles having an equivalent diameter 
smaller than 0.002 mm. 

4. Summary of Method 

4.1 The sample is processed to remove any 
material rttainc:d on a 4251'm (No. 40) sieve. 
The liquid limit is determined by performing 
trials in which a ponion of the sample is spread 
in a brass cup, divided in two by a groovin& tool. 
and then allowed to now together from the 
:.hocls caused by rtpcatedly dropping the cup in 
a standard mechanical device. The multipoint 
liquid limit. Procedures A and B. requires three 
or more trials over a range of ll.'llter contents to 
be performed and the data rrom the trials plonc:d 
or calculated to make a rtlationship from which 
the liquid limit is dctennincd. The one-point 
liquid limit. Procedures (' and D. uses the data 
from two trials at one water content multiplied 
by a ~ion factor to dctcnnine the liquid 
limit. 

4.2 The plastic limit is dctennined by alter· 
nately pressina tosrther and rollin& into a 3.2 
mm (Va in.) diameter thread a small ponion of 
plastic soil until its water content is ~uccd to a 
point at which the thread crumbles and is no 
longer able to be pressed together and rtrolled. 
The water content of the soil at this stage is 
reponed as the plastic limit. 
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4.J The plasticity indc11. is l"akul:ncd as the 
difference between the li4uid hmit and the plastic 
limit. 

S. Sianirlnntt and UM" 

5.1 This test method is used as an integral pan 
of several engineering classification systems to 
characterize the finc:-gr•incd fractions of soils (sec 

Test Method D 24117 and Practice D 3282) and 
to specify the fine-grained rr .. ction of construe· 
tion materials (Sl.'C Specification D 1241 ). The 
liquid limit. plastic limit. and plasticity indeJL of 
soils an: also used cxtcnsivcl)·. either individu.ally 
or tOSCther with other soil propcnies to correlate 
with engineering behavior such as compn:ssihil­
icy. permeability. compactihility. shrink-swell. 
and shear strength. 

5.2 The liquid and plastic limits of a soil can 
be used with the natural water content of the soil 
to express its relative consistency or liquidity 
index and can he used with the percentage finer 
than 2-Jlm size to determine its acti,·ity number. 

5.3 The one-point liquid limit procedure is 
frequently used for routine classification pur­
poses. When greater precision is required, as 
when used for the acceptance of a material or for 
correlation with other lest data. the multipoint 
procedure should be used. 

5.4 These methods arc sometimes used to 
evaluate the weathering characteristics of clay­
shale materials. When subjected to repeated wet· 
tin& and drying cycles, the liquid limits or these 
materials tend to increase. The amount of in­
crease is considered to be a mcasurt of a shale's 
susceptibility to weathering. 

5.5 The liquid limit of a soil containin& sub­
stantial amounts of organic matter decreases dra­
matically when the soil is oven-dric:d befort test· 
in&- Comparison of the liqui 1 limit or a sample 
before and after oven-drying can thertforc be 
used as a qualitative measure of organic matter 
content or a soil. 

6. Apparatus 

6. I Uquid Umil Df."viu-A mechanical de­
vice consistin& of a brass cup suspended from a 
carriaae dcsi&ned to control its drop onto a hard 
rubber base. A drawing showing the essential 
features ofthc device and the critical dimensions 
is given in Fi&- I. The design of the device may 
vary provided that the essential functions are 
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rr.:~rH·J Thl· d.:~ It:.:' fr.J~ t-o.: •li'Cfat.·d Clth.:r h~ 
a hand cranl. or h~ an .:ki"tnc motor. 

6.1.1 Buw-Th\: N!IC ~all be hard ru~r 
ha\ ing a 0 Ouromrter hardn~ of 80 to 90. and 
a rtsilirn« such that an 8-mm ('t, ... in.) diameter 
pohshcd st«l Nil. "'hen dropp:d from a height 
of ~5 em (9.11~ in.) will ha,·r an average rchound 
of at least 80 <:< ltut no mCirr than 90 ~. The tests 
~all be conducttd on thr finished base with fret 
auached. 

b. I.~ FaY'I-The h:lse shall be supported by 
rubber fret dtsigntd to pro,ide isolation of the 
bast from thr •·ork surf:att and having an A 
Ourometer hardness no &realer than 60 as mea­
sured on the finished fett attaC"hcd to the base. 

6.1.3 Cup-The cup shall be brass and have a 
weight. inc-luding cup han~r. of 185 to 215 g. 

6.1.4 Cam-The cam shall raise the cup 
smoothly and continuously to its maximum 
height. over a distance of at least 180" of cam 
rotation. The prrferred cam motion is a uni­
formly accekrattd lift cuo·e. The design of the 
cam and follo,.er combination shall be such that 
there is no uJ)Io'-ard or down,.-ard velocity of the 
cup when thr cam follower leaves thr cam. 

Non l-Tbc cam and follov.~r dni&n in Fi&- I is 
for uniformly acttlcr:attd (panbolicl motion after con­
laCt and assurn that tht cup has no vdocity al drop 
oil'. Other cam Mli&ns also providr this fcatu~ and 
nu~ br uK'CI. Hov."C\er. if tht cam-followtt lift pan~ 
is not known. z~ro ~locit~ at drop off can br assui'N 
~· ca~fully filinJ or mxhininJ the cam and foiiOifo"n" 
so thallht cup heiaht ~mains C'Onsunt o..cr llw last 20 
to 4S• of cam roution. 

6.1.5 C arriax•'-The cup carriage shall be 
C"onstructed in a •·ay that allo"''S convenient but 
sccure adjustment of the heiJht of drop of the 
cup to 10 mm (0.394 in.). The cup hanger shall 
be attached to the carriage by means of a pin 
which allows remo,·al of the cup and cup hanger 
for cleaning and inspection . 

6.1.6 0(11iclllal .\lotnr Drii'~As an ahrrna­
ti~·e to the hand crank shown in Fig. I. the device 
may be equipped with a motor to tum the cam. 
Such a . motor must turn the cam at 2 ±0.1 
revolutions per second. and must be isolated 
from the rest of the drvitt by rubber mounts or 
in some other •-a)· that J)revents vibration from 
thr motor being transmitted to the rest of the 
apparatus. It must be equipped with an ON-OFF 
switch and a means of conveniently positioning 
the cam for height or drop adjustment~. The 
results obtained using a motor-driven device 
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mu5t nut dilkr frllln th,,.,.,· ,,t>taml·J u"r.~ • 
manually c'J'"r.lt~·d ck\KC. 

6.2 1-'lut vrc~en'iiiJ: Tot~!-A groo,·ing tool hJ,. 
ing dimensions sho"n in f•tt· :!. The tool shal! 
be made of plastic or noncorroding metal. Thr 
d1.--sign of the tool may \'a!') as long as th.: I.'SSC'ntial 
dim,·nsion~o ar.: maint:~in~d. Th~ tool may. hit 
nl-cd nut. incorporate the gage for adjustini tllr 
height of drop of the liquid hmit d~,·icc. 

6.:t liii.W-A metal gage blod for adjuSii .. 
th~· h~o•ip.ht of drop or the cur. having the dimca­
sions shown in Fig. :t. Thr design of-the tool ~ 
vary provided thr J:I&C' will rest securely on dtt 
hasc without being suscrptible to rocking. aad 
the rdgc which contacts the.- cup during adjUSI­
mcnt is straight. at least 10 mm ( v. in.) wide. and 
without bc,·cl or radius. 

6.4 01fftaint"r.f-Small corrosion-resistaat 
containers with snug-fining lids for water contnr 
specimens. Aluminum or stain~ steel cans 2J 
em (I in.) high by 5 em (2 in.) in diameter 1ft 

arpropriate . 
fd /llllcmn·-A halance readable to at leiSI 

OJ) I g and having an attur.acy of O.O:t g "ithia 
three standard deviations within the range of lift. 
Within any I 5-g ro~ng~. a difT~r.:ncc bct"'"-en IQd. 
ings shall be accurate: within 0.01 a (Notn 4 and 
S). 

Nun 4-5« Mtthods E 11q11 and E Jl9 for an Cl· 
pl:~nation of terms relatinato h:lt:u11.-c p:rf'ormam. 

Nun S-For fr~-qucnt usc. a t~loadina tn~t Jill. 
an~ with automatic' load indiC".,tion. rradahle to O.Ot 
J. and ha\·in& an i~x ofpreris1on (Siancbrd ~iatil>~· 
of 0.003 ell' hcner is mM! slinahlc for this IMthu.; 
Ho~~r. nonautomatic indicatin& rquat-ann anal~ti­
c:al h:llann:s and SOIM' small equal arm top pan t.Janm 
ha,ina ~ad:ahili\i..'!> and k"nsiti• iu,,. ofO.OO:! a or bctk'l 
pro,·id.: the rrquim:l an·uracy "'ilo:n uK'CI "'ith 1 WfiP 
k"t of ASlM Class 4 (Natiolal Burc:au of Slandaldl 
C1:ass PI or hl-tt~r. Ordinarv C'Ommcrcial and dassrOOII 
type h:llanctS such as bra.m h:IJ:.ncn art" not suitJI* 
for this m~hlld. 

6.6 StorOJ:t' CmuuinC'r-A container in whidl 
to store the prc:parc:d soil sp«imen that will liCit 

contaminate thr ~-cimen in an~ way. and whidl 
rrevents moisture loss. A porcelain. &lass. or 
pbstic dish ahout 11.4 em (41/: in.) in diamrttr 
and a plastic h:lg lai'Je enou&h to enclose tbr dish 
and be folded over is adequate. 

6. 7 Ground GluJ.~ Pfaff•-A ground glass platt 
at least 30 em (12 in.) square b} I em(~ inl 
thick for mixing soil and rolling plastic limll 
threads. 

6.8 Spotula-A spatula or pill knife havina a 

Nadc al'll1ut ~ ""' ( •,. ,~ . "'1\k tl' ;s" 
(4 in.) long. In 3\k.litiun. ;a \r;.lulo~. h01', 
about :!.S em (I in. I"''\!.: and 1 ~ l.'rn 1· 

has l'll"rn found u~ful li.1r inu~o~l m•'" 
pb. 

6.9 SiM't•-A :!0.3 ~o·m (I! an 1 ..S•arr. 
pm (No. 40) '"-'ve confc~rm•nr to th• 
ments of Specification [ 1 1 and ha' '"· 
least S em (2 in.) abow the mnh. A ~: 
10) sieve meeting tht' samr ~um:m 
also be needed. 

6.10 U't.J.J1 Butt/,•. or sim1br c•lnt 
adding controlled amounts of •:.ter tc 

washin& fines from coarse pal'tJC'Ies. 
6.11 Dr,rinK o •. ,,,_,.. thcrmOStOIII.­

trollrd oven. preferabh· of the f<Jrced-d 
capable of continuousi~ m:~in~ming a 
tu~ofiiO %S"Cthroughoulthedl')ing. 
The oven shall be rquipp..'d "'ilh a th•·r 
of suitable range and accu~ for m. 
oven temperature. 

6.12 Jf'ashinR Pa,-A round. nat·t 
.,an at least 7.6 em (3 in.) dcep. sltghtl~ 
thr bottom than a 20.3<m (8-in.l diamc 

6.13 Rod (optionai)-A me r pl. 
or tube 3.2 mm (1/J in.) in dianWand. 
em (4 in.) tons for judginathe sile of pia 
threads. 

7. Mat~rials 

7.1 A supply of distilled or drntin.:ra: 
ler. 

I. Samplinc 

8.1 Samples may be taken from an' 
that satisfies testing needs. Howe,·er .' • 
C 702, and Practice 0 7S, and Recom 
Practic:e 0 420 shouJd be used as auide­
lcctin& and pmerving samples from 
types of samplin& operations. Samples "'1 
be prqlllred usin& the wet preparation pn 
10.1, must be kept at their natural water 
prior to preparation. 

8.2 Wbe~ samplin& oprrar ha 
~ the natural stratifation - sam 
••• :ous strata must be kepc srpar.tled a; 
performed on the panicular stratum or 
with as linle contamination as pos.:.i~·; 
Olhrr strata. Where a mixture o( mat~n 
be used in construction. combine the: 
components in such proponions that th~ 
ant sample represents the actual con)t 
case • 



l 
' uwn& 1 

I)~ hav-
1(: shall 
ul. T~ 
-~• .. ntial 
1;: but 
.• 1 "'t~ 

d~ stin& 
·1 nen­
o:... may 
'on t~ 
"I and 
; I ljust· 
iL.and 

·t! stant 
r t ntent 
c-ans 2.5 
leter are 

l ·-----!W 
a' within 
~e ( .. 
,., ft:oid· 
It • and . 
rr-• an C1• 
., C'C. 

I ~ t.J. 
>kwO.OI 
c.kvi~aion) 
\1 cthod. 
,._ nalyti· 
n· Janca 
a'or better 
h a wciaht 
~- ndards 
c .voom 
Ji llitabk 

j-·~ 
tl;t~ 
,,;_which 
sJ: Of 
,-~cr 

..c le dish 
t 

glass pl:ue 
,,- .¥. in.) 

.1! : limit 

: havina a , 

tobdc ;about :! em ('f. m.) "'••k h~ ahout I() ~·an 

(of in.l long. In addition. a Sp.ltula h:~,·ing ll hladc 
ahout 2.5 em (I in.) v.·idc: and IS em (6 in.) long 
lw b«n found u~ful for initial milling of S:lm· 
pin. 

6.9 Su"·,•-A 20.3 em ~~~ in.) diameter. ~25· 
11m (No. 40) sieve conformmg to the rc:quirc:-

1 rncnts of Specification E I I and h:~vang a rim a1 
lrul 5 em (2 in.) abo,·e the mesh. A :!-mm (No. 
10) s~ve meeting the S:lme requirements may 
abo be needed. 

6.10 Wa.sh Butllt'. or similar container for 
ldding controlled amounts of water to soil and 
washin& fines from coarse panicles. 

6.11 Drrin~ fftnr-A thermostatically con­
uollcd oven. preferably of the forced-draft type. 
capable of continuously maintainin& a tempera­
ture of I 10 :tS"C throughout the dryinachambc:r. 
The oven shall be equipped "'·ith a thermometer 
o( suitable range and accuracy for monitoring 
O\~n temperature. 

6.12 Washing Pan-A round. nat-bottomed 
pan at least 7.6 em (3 in.) deep. si:ghtly larger at 
the bottom than a 20.3~m (8-in.) diameter sieve. 

6.13 Rod (optionai)-A metal or plastic rod 
or tube 3.2 mm (1/a in.) in diameter and about 10 
em (4 in.) long for judging the size of plastic limit 
lhrcads. 

7. Materials 

7.1 A supply of distilled or demineralized wa­
ltr. 

l Samplina 

1.1 Samples may be taken from any location 
that satisfies testin& needs. However, Methods 
C 702, and Practice D 75, and Recommended 
Practice 0 <420 should be used as auides for sc· 
lectin& and prescrvin& samples from various 
1ypC$ of samplin& operations. Samples which will 
be~ usin& the wet preparation procedure, 
10.1. must be kept 1t their natural water content 
prior to preparation. 

1.2 Where sampling operations have prc­
ltMd the natural stratification of a sample. the 
\'lrious strata must be kept sc~ • .:ted and tests 
prrformed on the particular stratum of interest 
with as little contamination as possible from 
ocher strata. Where a mixture of materials will 
be used in constNction. combine the various 
components in such proponions that the result­
ant sample represents the actual constNction 
case. 

8.3 Where dat:a from this t~t method are to 
he used for corrdation with other lahor.uory or 
frcld test data. usc the S:lme material :as used for 
these tests where possible. 

8.4 Obrain a representative ponion from the 
total S:lmple sufficient to provide I SO to 200 & of 
m:aterial passing the 425-~m (No. 40) sieve. Free 
nowin& samples may be: reduced by the methods 
of quanering or splining. Cohesive samples shall 
be mixed thoroughly in a pan with a spatula. or 
scoop and a representative ponion scooped from 
the total mass by making one or more sweeps 
with a scoop through the milled mass. 

9. CaJibqtioa of Appaqrus 

9.1 lns(l«tion tif W~ar: 
9.1.1 l.iq11id Limit Dt'l'iCt'-Oeterminc that · 

the liquid limit device is clean and in eood work· 
ina order. The following spccifte points should 
be checked: 

9.1.1.1 Wt'Qr of Base-The spot on the base 
where the cup makes contact should be worn no 
areatcr than 10 mm (¥. in.) in diameter. If the 
wear spot is ~ter than this. the base can be 
machined to remove the worn spot provided the 
resurfacina does not make the base thinner than 
speci(tcd in 6.1 and the orher dimensional rela­
tionshipnrc maintained. 

9.1. 1.2 WC'Qr tl/ C11p-The cup must be re­
placed when the JfOOvina tool has worn 1 de­
pression in the cup 0.1 mm (0.004 in.) deep or 
when the ed&e of the cup has been reduced to 
half its ori&inal thickness. Verify that the cup is 
firmly attached to the cup han&er. 

9.1.1.3 H'«1r o{Cup 1/angu-Verify that the 
cup hanaer pivot does not bind and is not worn 
to an extent that allows more than 3-mm ('h-in.) 
side-to-side movement of the lowest point on the 
rim. 

9.1. U Wt'Qr of Cam-The cam shall not be 
worn to an utent that the cup drops before the 
cup hanaer (cam follower) loses contact with the 
cam. 

9.1.2 Grooving Tools-Inspect &roovingtools 
for wear on 1 frequent and rqular basis. The 
rapidity or wear depends on the material from 
which the tool is made and the types of soils 
bcin& tested. Sandy soils cause rapid wear of 
aroovina tools; therefore, when testing these m•· 
terials, tools should be inspected more frequently 
than for other soils. Any tool with a tip width 
pealcr than 2.1 mm must not be used. The depth 
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ofJht tip oftht &roo•·in& tool must~ 7.9 to 8.1 
mm. 

Nun 6-1M •·idth ol the tip or aroo•·ina tools is 
con•·rn~ntly rhcc~rd usina a pockrt-silrd mC'UUrina 
maantfiC'I' equipped ,..ith a milhmnrr scale. Macnifirrs 
or this t)pe arc 1\ailablr from most laboratory wpply 
rom pan~. Tht dtpth or tht tip or aroo•·inatools can 
bo: chtdn:l usinatht depth mrasurina feature of vernier 
calipers. 

9.2 Adpt.f/111(71/of//cixluof Dmp--Adjust the 
hti&ht or drop or the cup so that the point on the 
cup that comes in contact with the base rises to 
a hei&ht or 10 ~.2 mm. Stt Fi&. 4 for proper 
location or the PIC relative to the cup durin& 
adjustment. 

NoTE 7-A convrnitnt proceduR for adjustin&thc 
htiJht of drop is IS follows: place I pi«t or nwltin& 
tape across the outsick bottom or the cup parallel with 
the aais of tht cup han~tt pivot. The edl( or tht tape 
a•-ay from tht cup hanJ(r-should bisect tht spot on the 
cup that conlaC'U tht baK. For """ niJ'i. placina a 
~ of carbon paper on tht baK and allowinathe cup 
to drop several times will mark the ~nlaC'I spot. Attach 
tht cup to tht device and tum tht t'111nk untiltht cup 
is raised to its maaimum heiJht. Slide the heiJht &:IJC 
under tht cup from tht front. and obstrvr ,..hethtr the 
a:aac conlaC'U tht n~p or tht tape. Sec Fia. 4. If the tape 
and niP arc boch contac~ed. tht hri&ht or drop is 
approaimattly comet. If not. adjusa the cup until s,i­
multaneous contact is made. Check adjusament by 
lumina the crank at 2 revolutions per second whilr 
holdin& tht Jilt in position apinSI tht tape and cup. 
If a rinpna or dickina sound is heard without the cup 
risin& from tht Jilt. tht adjuSimcnt is comet. If no 
rincina is heard or if the cup rises from tht Jilt. R:lldjuSI 
the heiJht of drop. If tht cup I'O('ks on the PIC' durin& 
this chcckina operation. tht cam follo•n pivot is r•· 
CC'Wvrly worn and tht •·om parts shoulcl bo: replaced. 
Al•-a)'S remove tapt al\rr completion or adjustment 
operation. 

!\IULTIPOINT LIQUID LIMIT-PROCEDURES 
A AND B 

10. Prepal'lltion of Tnt Spttimcns 

10.1 H'c•t Prt'poration-Exttpt where the dl')' 
method of specimen p~TParation is specified 
(I 0.2). prepare specimens for test as described in 
the followi n& sections. 

10.1.1 Sompft>s Passing tht' 415-JJm (No. 40) 
Sin't'-When by visual and man~": ?rattdures 
it is determined that the sample has little or no 
material retained on a 425-tJm (No. 40) sieve. 
prepare a specimen or I .SO 10 200 ' by mixing 
thoroughly with distilled or demineralized water 
on the &)ass plate usin& the spatula. If desired. 
503k soil in a storage dish 111ith small amount or 
v.-ater to soften the soil before the stan of mixing. 

Adju~t the water content or the soil to brina it to 
a con~istency that would require 25 to JS blooa1 
of the liquid limit device to Clost the aroo•t 
(Note R). 11: during mixin&- a small percent:~&eol 
m:ateri:al is encountt'red that would be retaintd 
on :a 4:!5-JJm (No. 40) sie•·e. remove these pani. 
des b)· hand. if possible. If it i~ impractical to 
remo\·e the coorser m:ateri:al by hand. remo't 
~m:all ~rcentages (less than about IS ":;) ol 
coorser m:ateri:al by workin& the spccimn 

throu&h a 42S-J&m (No. 40) sieve usinaa picctol 
rubber sheetin&. rubber stopper. or other C'OnVfll· 

ient device provided the opention does not dis­
ton the sieve or dc-crade material that would bt 
retained if the washin& method described ill 
I 0.1.2 were used. If larger perr:enta&H of C'Oinr 

m:ateri:al are encountered during mix in&- or ic is 
considered impractical to remove the COII'SCf 

m:ateri:al by the methods just described. wash lhr 
sample as described in 10.1.2. When the coarv 
panicles found durin& mixin& are concretions. 
shells. or other fr.agile pan ides. do not crush lhcst 
panicles to make them pass a 42S-tJm (No. 401 
sieve. but remove by hand or by washin&- Plact 
the mixed soil in the storaae dish. rover to Jlft" 
vent loss of moisture. and allow to stand for 11 

least 16 h (ovemi&ht). Afttr the standin& period 
and immedi:ately before stanin& the test. thor· 
ou&hly remix the soil. 

Non 8-The time taken to adequattly mia a toil 
will val')· JRlltly, drpendina on tht plasticity and illitUI 
Wlltrr content. Initial miaina timn or more than lO­
in may be: ncedrd for saiff. fat clays. 

10.1.2 Samplt's Containing Mat"ial Rnaintd 
on a 4.?5·1J.111 (No. 40) Sit'Vt': 

10.1.2.1 Select a sufficient quantity of soiht 
natural water content to provide I .SO to 200&ol 
m:aterial passin& the 42S-tJm (No. 40) sieve. Platt 
in a pan or dish and add sufficient water to c:ovtr 
the soil. Allow to soak until all lumps ha¥t 
softened and the fines no longer adhere to thr 
surfaces of the corase panicles (Note 9). 

NoTE 9-1 n some C'I5C'S. the rations or salts J11an1 
in tap water will eJLchanar with the natural atiom il 
tht soil and sianificantly alter tht test results should u, 
water be used in tht soakina and washin& opcrllioa 
Unless it is known that such cations aR not JII'CINI il 
the tap water. d~stilln:l or demineralized water shoulll 
bo: used. As a arnrral rule. water containin& morf lUI 
100 maiL of dissolved solids should not be used far 
washina operations. 

10.1.2.2 When the sample contains a ~ 
percentage of m:aterial retained on the 42S111D 
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(No. ~01 "e\·e. p..•rform the tOllv"''"t= 
Gpel'llllon in increments. 111-a~h•na ntl m. 
O.S k& (I lb) of m:nerial :at one urn.· p 
425-JJm (No. 40) sie•·e in the l'louum ,,.- 1 

p:an. Pour the soil water mi-.ture onh• I! 

If &1'3"~1 or coarse sand panicl('\ ~r.: pr.-.... 
as man)· of these :as possible"' llh \In;.~ II~· 
of water from a wash bottlt·. ~n.! .,s,.,,:Jr, 
native!~·. pour the soil v.at~·r mntur~· u· 

mm (_No. 10) 5ievc nested atop the ~1~-~ 
40) Ste~o·e. rinse the fine m:atrrul thw .. 
~move the 2-mm (No. 101 si.-•c .~fta, 
and removin& as much of the roa~r ma 
possible. add sufficient "'ater to 11'1< p;~n t 

theleveltoabout 13 mm (11! in l•tlo'<' th,· 
Of l~ 4_25-jJm (No 40) sie•·e ~f.Jiat~· th. 
by sumna with the finaers ""h•k r,.,~, 
lowerin& the sie•·c in the pan and s"'•r' 
suspension so that fine m:atcrial •s ,.,.~h" 
the coaner panicles. Disagrcg;ue rin.: !14" 

that ~ave n?t slaked b~ gentl) rul'lhtnp. th,· 
the Steve wuh the fingenips. ('omplt'tr th. 
ina operation by ra1$ina the sic'<' al'lo•.: tt: 
surface and rinsin& the m:aterial relatn.:~ 
small amount of C'le:an w:atcr. r •d r: 

n:tained on the 42S-JJm (No. 40"-"e. 
10.1.2.3 Reduce the water content of 1 

terial passin& tht 425-tJm (No . .WI sit''e 
approaches the liquid limit. Rt'duction ,,. 
content may be acromplished t" one ,u . 
bination of the followin& methods: tal"' 
the air currents at ordinal') room teml'· 
(h) exposing to warm air curn-nls from a 
such as an electric h:a1r dl')er. '' 1 lih.·n • 
Buckner funnel or using filter ,·;mdks. 
cantina clear water from surface of su~J"o. 
or k) drainin& in a colander or plaster , 
dish lined with hi&h retenti~o·ity, h•,tl "'tH: 

filter paper.' If a plaster of paris dish is ux·. 
taR that the dish never becomes ~urr .. 
saturated that it rails to acti\'d\' absorb "'J' 

its surface. Thorou&hly dl)· di~hes tx-t ....... :: 
Durin& evaporation and cooling. stir th.: ,. 
often enou&h to prevent o•·crdn •r ·a h.­
and soil pinnacles on the su rti!~c .. __.., .. rr. 

For soil samples containing solul'lk s.Jh 
method of water redu~'lion ~uch as a •H 

will not elimin:ate the soluble 5.011\l from : · 
specimen. 

10.1.2.4 Thorou&hl> mix the m:ucn;.~l r­
the42S-pm (No. 40) sie•·e on tht' ~ass plat.· 
the spatula. Adjust the "·ater contrnt of th· 
lure, if nettSsary, by adding tm:all incrrm; 
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'"1' . .I(IJ \ll'\C. ('(rform the f{,llo~~oin& wa~tin& 
aprr:UKJn 1n m\·rcltl(nts. wa~hing no more th:ln 
O.S La (I lbl of material at one time. Place the 
•2S-J1m (No. 401 sie,·e in the bottom of the clc:1n 
pan. Pour the soil ~~o-ater mixture onto the sie,·e. 
If &r:a't'l or coanc sand p:~nick·s are present. rinse 
~man~ of th~ ~ ~ihle with small qu:1ntitin 
llf. w.ater from a wash bottle. and discard. Alter· 
~ati,cly. pour the soil ~~o·ater mixture over a 2-
mm C~o. 101 sie'e nnted atop the 42S..,.m (No. 
401 ~'e. rinse the fine material throu&h and 
~rmo'e the 2-mm (No. 101 sie,·e. After washin& 
and rcmo,·ing as much of the coarser material as 
pos51hle. add sufficient ~~o-ater to the pan to brin& 
thek,·elto about 13 mm (11! in.):lbo,·e thcsurf:1ce 
ol'the 4!5-j.lm (No. 401 sie,·e. Agit:lle the slurry 
b) stirring ~~oith the fingers ~~ohile r.tising and 
Jov.ering the sine in the pan and swirling the 
suspension so th:u fine materi:1l is ~~o·ashcd from 
the co:1rser panicles. Disaggrcg:llc fine soil lumps 
that ha'e not slaked by gently rubbing them o,·er 
the sie,·e with the fin&enips. Complete the wash­
in& operation by raising the sie,·e :~bo,·e the water 
surface and rinsing the material retained ~~oith a 
small amount of clean water. Discard material 
rnaincd on the 42S-Jim (No. 40) sie\'e. 

10.1.!.3 Reduce the water content of the ma­
terial passin& the 42S11m (No. 40) sieve until it 
approaches the liquid limit. Reduction of water 
content may be accomplished by one or a com­
bination of the following methods: (o) e~posing 
the air currents :u ordin:1ry room temperature. 
~,, e:a.posing to ~~o·arm air current~ from a source 

such as an electric hair dryer. (c) filterin& in :1 
BucL.ner funnel or using filter candles. (d) de· 
cantinJ clc:1r water from surface of suspension • 
or (c'l dr.tinin& in a colander or plaster of paris 
dish hned with high rctenti\'ity. hi&h wct-strcn&th 
&Iter paper.' If a plaster of paris dish is used. take 
care that the dish nc'·er becomes sufficiently 
satur.tted that it fails to acti,·cl\' absorb water into 
its surface. Thoroughly dry di~hes between uses. 
During e,·aporation and cooling. stir the sample 
often enough to prevent O\erdl)ing of the frinaes 
;and soil pinnacles on the surface of the mixture. 
For soil S:lmplcs containing soluble salt!L. use a 
mrthod of water reduction such 35 o or h that 
•ill not elimin:~te the soluble salts from the test 
iprumen. 

10.1.!.4 Thoroughly mix the m:~terial passina 
the 4!S..,.m (No. 40) ~'·eon the glass plate usin& 
the spatula. Adjust the watrr content of the mix· 
turc. if nccrssaf)·. by adding small increments of 

distilled. or d~min~·r;alizcd ~~o·ater or b~ :1llowing 
the miaturr to dl') Jt room t~mpcrature while 
miaina on the atass plat~. The soil should be at a 
w;ater content th:1t will result in closure of the 
amove in 2S to ~S blows. Return the mixed soil 
to the miaina dish. co\·er to pre\·ent loss of mois­
ture. and allow to stand for at least 16 h. After 
the saanding period. and immediately before 
st;ani"' tbe test. remi~ th~ soilthoroughl)·. 

I 0.2 Drr Prc'partll '"" 
10.2.1 Select suffic~ent soil to provide ISO to 

200 1 of material passing the 42S11m (No. 40) 
sieve after processing. Dry the S:lmple at room 
temperaturt or in an oven at a temper.~turt not 
eacecdin& 60"C until the soil clods will pulverize 
readily. Oisagrcption is expedited if the S:lmple 
is not allowed to completely dry. However. the 
soil should have a dl)· appearance when pulver­
ized. Pulverize the gmple in a mortar with a 
rubber tipped pestal or in some other way that 
docs not cause bre:lkdown of individual arains. 
When the coarse panicles found during pulveri­
zation arc concretions. shells. or other fragile 
panicles. do not crush these panicles to make 
them pass a 42S11m (No. 40) sieve. but remove 
b) hand or other suitable means. such as washing. 

10.2.2 Separate the sample on a 42S;am (No. 
40) sieve, shaking the sieve by hand to assure 
thorouah stparation of the finer fraction. Return 
the material retained on the 42S;am (No. 40) 
sieve 10 ahe puh·erizing apparatus and repeat the 
pulverizina and sieving operations as many times 
as necessary to assure th:lt all finer material has 
been diS:Igrq:ucd and material retained on the 
42S;am (No. 40) sie,·e consists only of individual 
S:lnd or aravel grains. 

10.2.3 Place m:~tcri:1l remaining on the 42S­
~o~m (No. 40) sieve after the final pulverizin& 
operations in a dish and soak in a small amount 
of water. Stir the soil water mixture and pour 
o\·cr the 42S-~o~m (No. 40) sie,e. catching the 
•-atcr and any suspended fines in the washing 
pan. Pour this suspension into a dish containing 
the dry soil previously sieved through the 42S· 
~o~m (No. 40) sieve. Discard material retained on 
the 4.2S-pm (No. 40) sieve. 

I 0.2.4 Adjust the ~~o·:~ter content as ncccss.ary 
b)' drying as describ.:d in 10.1.2.3 or by mi:~:i:1g 
on the &lass plate. using the spatula while adding 
increments of distilled or demineralized water. 

'S alld S S9S fihcf ~·. ••·ailaNt in l2<111 rirritl. has 
~UtNKk)l')·. 
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untilth~ soil is at a -.·:u~r cont(nt that ~•ill result 
in dosu~ of the croo,-~ in :!.S to 35 blows. 

10.2.5 Put soil in the storage dish. cov~r to 
p~~nt loss of moistu~ and allow to stand for 
at kast 16 h. Aft~r th~ standing ~riod. and 
immediately befo~ staning the test. thoroughly 
~mix the soil (Note 8). 

11. Procedur~ 

11.1 Place a ponion of the p~pa~ soil in 
the cup of the liquid limit device at th~ point 
where the cup restS on the base. squeeze it down. 
and spread it into the cup to a dep1h ohbout 10 
mm at iu deepest point. tapering to form an 
approximately horizontal surface. Take ca~ to 
diminate air bubbles from the soil pat but form 
the pat with as few strokes as possible. Heap the 
unused soil on the &lass plate and rover with the 
invened storage dish or a wet towel. 

11.2 Form a croo~ in the soil pat by drawing 
the tool, be~led edge forward. through the soil 
on a line joining the highest point to the lowest 
point on the rim of the cup. When cutting th~ 
aroove. hold the crooving tool against the surface 
of the cup and draw in an a~. maintaining the 
tool ~rpendicular to the surface of the cup 
throughout iu mo~ment See F"IJ. 5. In soils 
where a groo~ cannot be made in one stroke 
without tearina the soil. cut the croove with 
several strokes of the croovin& tool. Alternatively, 
cut the aroo~ to sli&htly less than requi~ di· 
mensions with a spatula and use the crooving 
tool to bring the poove to final dimensions. 
Exercise extreme care to prevent slidin& the soil 
pat relative to the surface orthe cup. 

11.3 Verify that no crumbs of soil a~ present 
on the base or the underside of the cup. Lift and 
drop the cup by tumin& the crank at a rate of 1.9 
to 2.1 drops per second until the two halves of 
the soil pat come in contact at the bonom of the 
aroo~ along a distance of 13 mm ('h in.). See 
Fa&- 6. 

Non lO-Use thr end of thr aroovina tool. F"IJ.. 2. 
or a scale to verify that thr poove has dOICd IJ mm 
(Y, in.). 

11.4 Verify that an air bubbk has not caused 
premature closing of the .,-oove by observina that 
both sides of the groove have nowed together 
with approximately the same shape. If a bubble 
has caused prematu~ dosina of the aroove, ~­
form the soil in the cup, adding a small amount 
of soil to make up for that lost in the vooving 

opcrallun and n.-,-:at 11.1 to ll . .l If the soi~ 
sh!.ll'S on th..: s~:rfacc of the cup. rep.:at 11.1 
through 1 1 .. 1 at a higher wat~r content. If. after 
several trials at succeui,·ely higher water con· 
tents. the soil pat contmucs to slid~ in the cup or 
if the numhrr of blows required to clost tht 
groove is always kss than 25. ~rd that tht 
hquid limit could not be determined. and repol1 
the soil as nonplastic without ~rformin& tht 
plastic limit test. 

II.S Record th~ number of drops./\', requiml 
to clost the groove. R~move a slice of soil ap­
proximat~ly the width of the sp:llula. extendi111 
from edge to edae of the soil cake at right afllla 
to the groove and induding that ponion oftht 
groove in which the soil nowed tosether. plact ia 
a wei&hcd container. and cover. 

11.6 Return the soil remaining in the cup to 
the glass plate. Wash and dry the cup and ~­
ing tool and reattach the cup to the carria&e in 
~paration for the next trial. 

II. 7 Remix the enti~ soil specimen on thr 
glass plate adding distilled water to increase tbt 
water content of the soil and decrease the number 
of blows requi~ to dose the groove. Repeat 
11.1 throu&h 11.6 for at least two additional trials 
producing successively lower numbers or bio-s 
to dose the aroove. One of the trials shall be b 
a closurt requirina2S to 3S blows, one for closwr 
between 20 and 30 blows. and one trial for a 
closu~ rcquirin& 15 to 25 blows. 

11.8 Determine the water content. W,... ofthr 
soil specimen from each trial in accordance with 
Method D 2216. Make all wei&hings on the same 
balance. Initial weighinas should be perfonncd 
immediat~ly after completion of the test. If thr 
test is to be interrupted for mort than about IS 
min, the specimens already obtained should be 
weighed at the time of the interruption. 

12. Cakubtions 

12.1 Plot the relationship between the wata 
content. w,... and the correspondina number rJ 
drops, N, of the cup on a semiloprithmie lfiPh 
with t"'e water content as ordinates on the arith­
metical scale, and the number of drops as abfcis. 
sas on the logarithmic scale. Draw tht best 
str2ight line throu&h the th~ or more plocted 
points. 

12.2 Take the water content rorrespondina to 
the intersection of the line with the 25-drop 
abscissa as the liquid limit of the soil. Compua. 
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tional ml•tho!.l~ ma~ t..· ~uhl.tuutl'\ll.u 11 
ical mnhod for linin& a stro~ight lm,· •·· 
and dctcrminin& the: hquiJ hmll. 

ON•:·POI~'T I.IQl'IU H\tH-PMOC • I 
C .-'!'IOU U 

IJ. Pr~panation of Tnl Spt'l"illk·n .. 
I .1.1 Pr..:parc: the ~x·im•·n m th•· .._.r. 

ner as dl'Sl·rit..'\1 in &.x·titln 10. l'\<<'f'l 
mixing. adjustlhl· "'ater ,·ontl·nt .. , .. •••n 
~uiring 20 to 30 drops of lh•· hqu•J II 
to close th~ groove. 

1~. PrwHu~ 

14.1 Proceed as dc."SCrihl:!.l in II I 1 
I I.S except that t~ numhl.·r ufhlo"s rnjl 
dose the groon· shall hi: .:!0 hi _,0. If 1'"'' 1 
or mo~ than 30 hlo"-s arc rl•quirc!.l . .JJ.J 
water ront~nt of the soil and rl'pc;.~t th,· 
durt. 

14.2 Immediately after remo\lnt: .. 
cont~nt sp.:cim~n as d('SCrihl.'\1 in 1 1 ~. · 
tht soil in the cup. adding a small am•• 
soil to mak~ up for that lost in t" ... " 1: 
"ater content sampling ~ration-Jep..·~ 
through 11.5. and. if the second closing 
&roo~ requi~ the same num~r of dru~ 
mo~ than t-.·o drops diiTe~ncc. sccur.· .1: 
water ront~nt ~·imen. Othel""'i~. r.·m 
enti~ specimen and ~peat. 

. Non: 11-Eu·cssi'~ d~inJ or i~'Qu.Jh' · 
wdl cauSt' the.- number of hlov.-s 1(1 , ~F). 

14.3 Octc:rminc "':Iter contc:nts of 'fX'• 
15 d~bcd in 11.8. 

15. Calculations 

I S.l Determine the liquid limit for ,.;~,·h 
content specimen using on..: of th•· Ji•ll· 
tquations: 

LJ. - w.(nf':' or 

LL * A'llf', I 
~! 

A' • the.- numt..·r ofhlows C'au~ing d·•~ur.· . 
grOO\C~ at ":u~r l"Ont~nt. 

II~"" ~·ater content. and 
A" ,. a factor gi\l'n in Tahk I. 

The liquid limit is the 01\l"rJI::<" ofth.· t"•' 
liquid limit valu~'S. 

IS.2 If the diiT~rcnce hrtwC'en the '"'' 
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uon~l mrthod~ ma~ t'l.: !>ui'ISIItutf\1 forth~ graph· 
ical method for tiuinc a straight line to the data 
and dcterminin& the liquid limit. 

O~E-POII''T LIQl 11D 1.1~11T -PROCF.Dl 'Rr.S 
C A~D D 

ll. Prtparation or Tnt SP«"imt•ns 

Ill Pr~p:m th~ spe•im~·n in the S3me man­
wr as dcscrihed in Sc.tion I 0. elO.l'CPI that at 
11iainc. adjust the ,,,.atcr •on tent to a consistency 
~a~uiring 20 to 30 drops of the liquid limit cup 
10 dose lhe &fOO\'e. 

1~. Prondurt 

14.1 Proceed as dcscri~ in 11.1 throu&h 
11.5 ea~pt that the number of blo"'-s required to 
do5c the groo,·e shall be 20 to 30. lflcs.s than 20 
« more than 30 blo~-s are required. adjust the 
WJtcr content of the soil and repeat the proce­
dure. 

14.2 Immediately after removing a water 
content sperimcn as described in 11.5. reform 
die soil in the cup. adding a small amount of 
JOilto make up for that lost in the groo,·ing and 
aatcr contcnt sampling operalions. Repeal 11.2 
through II.S. and. if the stcond dosin& of the 
poove requires the same numher of drops or no 
1110re than two drops differcn~. stcure another 
WJter content sperimen. Otherv•ise. remill thc 
entire specimen and repeat. 

NoT£ 11-Eaccssi"r dryin& or inoadcquatr miainc 
will caust the> numbC'r of blov.-s to \"3~ . 

14.3 Determine water contents of specimens 
as dtscribed in 11.8. 

15. ulcvlalioas 

15.1 Dcterminc the liquid limit forcach water 
nmtent ~cimen using one of rhc follo~Aing 
tquations: 

Ll. • w.(fsf'~' or 

LL • A.'t II",) 

a'hcre: 
,\' • the numhcr of hlows causing closure of the 

groo"e at water content. 
If, c watci ~·,:;n;cm. an.:i 
l' .. a factor gh·en in Tahle I . 

The liquid limit is the ncragc of the two trial 
liquid limit values. 

15.2 If the difference hctwcen the rwo trial 
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liquid limit •·alu'"-s is gr~ater than onc pe~ntag~ 
point. repeal the 1est. 

PI,.,\~ TIC 1.11\ Ill' 

16. Pr~paration of lest SP«"irMn 

16.1 Sck-ct a 20-g ponion of.soil.from the 
material prc~rcd for 1he liquid limit test. either 
after the second milling bl:forc the test, or from 
the soil remaining aflcr completion or the test. 
Reduce the water contcnl of the soil to a consist­
ency at which it can be rolled without stickin& to 
the hands by spreading and millin& continuously 
on the pass plate. The dl')·in& process may he 
accelerated by ellposing the soil to the air cvrrent 
from an elcctric fan. or by bloning with paper 
that docs nol add an)' lihcr to the soil. such as 
hard surface paper toweling or high wet strength 
filter paper. 

17. Promlu~ 

17.1 From the 20-g mass. selcc1 a ponion of 
I.S to 2.0 J. Form the test specimen into an 
cllipsoidal mass. Roll this mass between the palm 
or finacrs and the cround-glass plate with just 
suflkic:nt pressure to roll the mass into a thread 
of uniform diameter throughout its lcn&th (Note 
12). The thread shall be funhc:r deformed on 
each stroke so that its diameter is continuously 
rcdut'ed and its length utended until the diam­
eter reaches 3.2 :t0.5 mm (0.12S :t.020 in.). 
taking no more than 2 min (Note 13). The 
amount of hand or finger pressure required will 
vary greatly. according to the soil. Fra&ile soils of 
low plasticity are best rolled under the outer edge 
of the palm or at the base of the thumb . 

Nun Il-l\ normal roatt of rollin1 fOf mOSI soils 
should bC' 10 to 90 suokn per minute, countin& a 
Slrol>c as ont rompklt motion of the hand forward and 
bad; to the stanin& position. This rate of rollin& may 
ha~ to he cl«'rcaK"d for •·cry fncilr soils. 

Nnn Il-l\ 3 . .2-mm (~in.) diameter rod or tube 
is utd'ul for fl'ftlutnt comparison with the soil thrud 
to uceruin '~~~'hen the thread has reached the proper 
diamtttr. especially for inuperienced operatOB. 

17 .1.1 When the diameter of the thread be· 
romes 3.2 mm. break the thread into several 
pieces. Squcc:ze the piccn together, knead be· 
twttn the thumb and fir-st fincer of each hand. 
reform into an ellipsoidal mass, and reroll. Con­
tinue this alternate rolling to a lhrcad 3.2 mm in 
diameter, pthering together, kneadin& and re­
rolling. until the thread crumbles under the pres-



.. 
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sure required for rollin& and the soil can no 
lon&er be rolled into a 3.2-mm diameter thread 
(Sec Fia. 7). It has no sianificance if the thread 
breaks into threads of shorter lenath. Roll each 
of these shorter threads to 3.2 mm in diameter. 
The only requirement for continuin& the test is 
that they arc able to be refonned into an ellip­
soidal mass and rolled out apin. The operator 
shall at no time attempt to produce failure at 
exactly 3.1 mm diameter by allowina the thread 
10 rc:adl 3.2 mm, then rr.ducina the rate of rollin& 
or the hand pressure, or both, while continuin& 
the rollin& without further defonnation until the 
thread falls apart. It is permissible. however, to 
reduce the total amount or dd'onnation for feebly 
plastic soils by makin& the initial diameter of the 
ellipsoidal mass nearer to the required 3.2-mm 
final diameter. If crumblin& occurs when the 
thread has a diameter .,eater than 3.2 mm, this 
shall be considered a satisfactory end point, p~ 
vidcd the soil has been previously rolled into a 
thread ).2 mm in diameter. Crumblin& or the 
thread will manifest iuclf differently with the 
various types or soil. Some soils fall apart in 
numerous small agrqations or panicles, others 
may ronn an oul.side tubular layer that starts 
splittina at both ends. The splittina PIOIPCWS 
toward the middle. and finally, the thread falls 
apart in many small platy panicles. Fat day soils 
require much preSsure 10 deform the thread, 
particularly as they approach the plastic limit 
With these soils, the thread breaks into a series 
of barTel-shapcd qments about 3.2 to 9.5 mm 
('>\ to 14 in.) in leflllh. 

17.2 Gather the portions of the crumbled 
thread toeether and place in a wei&hcd container. 
Immediately cover the container. 

17.3 Select another J.S to 2.0 a portion of soil 
from the original 10-a specimen and repeat the 
operations described in 17.1 and 17.2 until the 
container has at least 6 1 of soil. 

17.4 Repeat 17.1 throuah 17.3 to make an­
other container holdina at least 6 a or soil. De­
tennine the water content. in percent. of the soil 
contained in the containers in accordance with 
Method D 2216. Make all weiahinp on the same 
balance. 

Non 14-Tht intent ol pcrfonninc two plaaie 
limit trials is to -.cri(y the consistency or the leSI results. 
I~ ~ ~ practice 10 pcrfonn only one plulic 
bmll trial when the consis1enc:y in the tat results can 
be confirmed by other means. 
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18. Cakulatiuu 

18.1 Compute the averqe of the two W11eJ 

contents. If the difTercnoc: between the two WIICJ 
contenu is areater than two peroentaae poillll. 
rcpc;11 the test. The plastic limit is the avcrqe Ill 
the two water conlenlS. 

t•I.ASOOTY INot:X 

19. Cakubtions 

19.1 Calculate the plasticity indea as folkM 

PI• I.L- 1'L 

where: 
1.1. • the liquid limit, 
Pl. • the plastic limit. 

Both I.L and Pl. are whole numbers. If eithel 
the: liquid limit or plastic: limit could not 1r 
determined. or if the plastic: limit is equal to • 
arcatcr than lhc: liquid limit, report the: soil a 
nonplastic, NP. 

20. Repore 

20.1 Repon the followin& infonnation: 
20.1.1 Sample idc:ntifyin& information, 
20.1.2 Any special specimen selection proas 

used, such as removal or sand lenses rrom u• 
turbc:d sample, 

20.1.3 Rc:pon sample as ain:lricd if the samplr 
was airdric:d before or durin& preparation, 
. ~.1.4 Liquid limit. plastic: limit, and plasair· 
II)' andc:a to the nearest whole number and omr. 
tin& the: percent dcsi&nation. lfthe liquid limit• 
plastic limit tests could not be performed, « ~ 
the: plastic limit is equal to or areater thaa * 
liquid limit. repon the soil as nonplastic, NP, 

20.1.5 An estimate of the peroentqeof_. 
pic retained .,n the 425-l'm (No. 40) sine, aad 

20.1.6 Procedure by which liquid limit q 

perfonncd. if it differs rrom the: muhipoill 
method. 

21. Precision and Bias 

21.1 No interlaboratory tcstin& J)fOIRm .. 

as yet been conducted usina this tesa method" 
detenninc multil:~boratol')' precision. 

21.2 The within laboratory precision of lk 
results or tests pcrfonned by different opmiOI\ 

at one laboratOf)' on two soils usin& Proceduttl 
for the liquid limit is shown in Table 2. 

TAitt: 1 •. ecten ,_ o..· . I .. 
c-- ... N_._ ..... ....., ·-I _.,.,...,.c .... ~ 

N 
(Numbn o( O.....l __ 20 __ _ 

21 
22 
2J 
24 
2S 
26 
27 
ll 
29 
lO 

u .. ~, 
0-l 

0""' 
IIIli 
I.Ckl~ 

I Q.N 

1 o•• 
I OIM 
1 o:! 
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• 
lAit.E 1 fon- r. Otcaillilla t.O.• l.i.U. ,_ w­
e-...... N_..,., o..,. c....,. a.-.., e-

N K 
(N11mbn ol Droslll (Fancw for liquid Ulnil) 

:0 0.97• 
21 0.979 
22 0.91S 
2J 0.990 
H 0.99S 
2S 1.000 
26 I.OOS 
27 1.009 
21 1.01• 
~ 1.011 
lO J.oll 
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St..tA 
I'L 
LL 

Snil. 
I'L 
LL 

A~raerVaJue.t 

21.9 
27.9 

20.1 
)2.6 

107 
107 

1.21 
091 
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DIMEN310NS 
LETTER A 

MM 54 2 

/:'"\ v 

± 0.5 ± 0.1 

LETTER N p 

MM 24 ze 

6 
ESSENTIAL DIMENSIONS 

F 
27 56 32 

± 0.5 ± 2.0 

R T u 
24 45 47 

± 1.0 

G 
10 16 

v 
3.8 13 

~\ v 

H 

w 

J 
60 

± 1.0 

l 

6.5 

K 

50 150 

± 2.0 ± 2.0 

CAM- CAM 
ANGLE 

RADIUS DEGREES 

0 0.742 R 

V DIAMETER 30 0.753 R 

CRS OR BRASS PIN 60 0.764 R 

90 0.773A 

120 0.784 R 

150 0.796R 

180 0.818 R I 
210 0.854R I 
240 0.901 R 

I I I 

270 0.945R 

300 0.974R 
---·~ 

330 o.995R 
I 

I 360 t.OCOR t.__ _____ 

It ' I 

. ',I I I 
t( I I : I 

I I 'f I I l ~s:~~~~CAL J.L J.~ ~;-~ "4W 
-- ·L-.-- ___ _.___Q_j L4.--··_·· --~ -1 
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TO SPECIFICATION IN 6.1.1 SPECIFICATION IN 6.1.2 
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• D.t311 

OIM[NSIOt-.15 
F" I .x ·r== , e6 0"' E"' - F~ ~LETTER --- _'S."' 

-~~~~ 
MM 2 : II 40 e 

± 0.1 
I ± 0.5 ± 0.1 I ± 0.2 .. 

K .,-LETTER G H J f-=-=. - . .;. 
MM 10 13 60 10 EO DEG 2C I 

MINIMUM ±0.05 ±.I OEG 1 .......___. 
6 

ESSENTIAL DIMENSIONS 

0
&ACK AT LEAST '' 1111 FROII TIP 

NOT£: OIIICNSION A SHOULD 8£ 1.9-2.0 AND OIIIENSION D 

SHOULD BE 1.0-1.1 WHCN NEW TO ALLOW FOR 

ADEQUATE SCfWIC£ tiT£ 

----J 

s \ 

t1G. l G,..•ioll Tool (0plioMIIItitJIII4f·Dr., Gqt AIIKIW) 

l iO r-­
±.051 

n
--1 

I 2s 

~~ 
DIMENSIONS IN MILL/METRES 

m;. ~ llritl"• .r 0rep G-. 
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St•ndard Test Method I 

DISTRIBUTION RATIC 

METHOD' 

Th11 i13nol;ar.l,.,........ u"'lo:r lho· lhnl.Jno,n..h .. n f) 

qaf\ill :kh'f'lMlft Uf. 1ft the ,·;a,_~,,( fC\tW..,. the \C.tl • 

A illl'<'"''"l'l rpwk111 h lon.Jo,:;lln ~~~ altt.-1 .:1\.,anfi· 

As an aqu~OU) lluuj m•~r;u,·· 
d.:pcndent upon the ch,·m•~rr. ,. 
of oth~r nuids and s.ohd ph;,!> 
in1~ro~c1ions d•·lcrminc: the rdat. 
(such as ionsJ tra\d llith rl''Jll.'• 
imponance in r&."tard•nc th.: 11••" 
species at \'l."lociti ... -s leu than th.: 
compte" formation. pc iltu 
prttipiuting as the: sui~ o,., 
test method applies to situatao~ 
exchanat) are optrablc: for tht ~ 
porous media. 

h is difficult to deri•t &•·n.:r;,h, 
in the: &C:Oiogical CO\ir~nmcnt. l1 
(A"o~) has been u~.:d to quanuf~ 
modclin& (usualt~. 1-ut "'''!><lid~ 
u~'d IO ass..-ss lh.: d~r•'l: hi v.h,,t 
fluid micrat.:s through the ,, . .,,,.f 
indic:ation of ho"' rapidl} an 11.)0 . 

Under th~ &I.'OCh\•mil·all'OOditJOm 
This test method is for the lat....' 

may be used hy qualifit"d c~po.·n~ · 
gi\·tn und.:rground &•"OChcmKal , 
imponant sitc-s~-cific factors. It •~ 
qualifications required. or to Ju~·. 
predicth·e purposes. R:nhl.'r. th•~ 

ttthniqu~ for dctermirm ·: d•• 
and solid. under a cc:ruinx<' of Ia 

Justifl('ation for ttk.- distrihutu' 
ba~ on e~p._-dicncy in moddin~·­
lo panitioning in ~oils. tquihl:\r11;n 

'This mnlw>d is undrr lht juno.~,..,..., o( A~f \1 1 
Subcommill« Ota.t4 on Gn~tn:hn~t.'\ o(llblt .... n~~.., 

C"urrC'nl td111on apprl>'t\1 No• ~K. 1'15) Pubh>llc:.l JJ 
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